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EXECUTI VE SUMVARY

This report is an explanatory text for a series of 40
maps which cover the Shelikof Strait region of southwest
Alaska (Fig. 1). These maps delineate the sensitivity of
coastal environnents to oil spill inpact. The classifica-
tion system used, the Environnental Sensitivity |Index (ESI},
ranks coastal environments on a scale of 1 to 10 in increas-
ing order of sensitivity (i.e. , 1 is least sensitive, and 10
is the nost sensitive) . Bi ol ogi cal considerations such as
the location of bird colonies, seal haulouts, and shellfish
areas are indicated on the maps.

Field work was carried out between 19 May and 10 June
1980. A shoreline assessnment technique, called the inte-

grated zonal nethod, was used to classify the coastal envi-

ronnents present in the study area. The techni que included
aerial reconnai ssance of the shoreline, site-specific stud-
ies at 63 profile sites, and an extensive review of avail -
able literature. Using this information, ten different
coastal environnments were identified and assigned ESI num
bers as |isted bel ow

1) Exposed rocky headl ands.

2) Wave-cut platfornmns.

3) Fine/medium-grained sand beaches.

4) Coarse-grained sand beaches.

5) Exposed tidal flats (low bionass).

6) M xed sand and gravel beaches.
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7) G avel beaches.
7a) Exposed tidal flats (noderate bionass).
8) Sheltered rocky shores.

9) Sheltered tidal flats.

10) Marshes.
Basic strategies for spill response and protection are
outlined briefly in the text. O all the habitats present,

salt marshes, sheltered tidal flats, and sheltered rocky
shores are considered to be the nobst sensitive to long-term
oil -spill damage and shoul d receive the highest priority for
protection in the event of a spill. In contrast, exposed
rocky shores (ESI=1, 2) , which are quite comon throughout
the study area, would be cleaned rapidly by wave action and,
therefore, would require only mnor protection and cleanup

consi derati ons.
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| NTRODUCTI ON

The state of Alaska is currently wundergoing intensive
environnmental analysis as its coastal waters becone increas-
ingly desirable for offshore oil exploration. O fshore
drilling, support facilities, and tanker traffic increase
the possibility of open-water oil spills in this region,
creating a need for a conprehensive oil-spill contingency
pl an.

In response to this need and under the support of the
Nati onal Cceanic and Atnospheric Adm nistration/Quter Con-
tinental Shel f  Environnental  Assessnment Program ( NOAA
OCSEAP), Research Planning Institute, Inc. (RPI} has mapped
several thousand mles of Al aska shoreline over the past
four years, wusing the Gl Spill Wulnerability Index (Gund-
lach and Hayes, 1978a) (Fig. 2). This index classifies
coastal environments primarily in terns of geonorphic con-
siderations, that is, the physical response of an environ-
ment to spilled oil. The Environnental Sensitivity Index
(ESI) (Hayes et al., 1980) was devel oped to add bi ol ogical
and soci oeconom ¢ conponents to the geonorphic considera-
tions.

The ESI was applied to the Shelikof Strait region of
southwest Alaska to aid in the environmental assessnent
relative to outer continental shelf (0CS) Lease Sale No. 60
and in the preparation of oil-spill contingency planning.
The index, developed from oil-spill case studies, field

research, and ext ensi ve l[iterature revi ew, classifies
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FIGURE 2. Map of Alaska indicating environmental napping studies con-
ducted by University of South Carolina and RPI personnel;
M O Hayes, Principal |nvestigator.
coast al

environnents on a scale of 1 to 10 in order of their
increasing sensitivity to spilled oil

This report provides

a synthesis of study nethods, the environnents classified by

the ESI, and suggestions

gies. There

maj or

for

shoreline protection strate-
is also a summary of

geonor phi ¢ paraneters,
bi ol ogi cal

resources,

and soci oeconom ¢ consi derations
whi ch describe their probable response to oiling. In total,
40 maps (1:63,360 scale;

15-m nut e quads) were prepared.




PHYSI CAL SETTI NG

CGeol ogy

The Kodiak Archipelago and the Al aska Peninsula are
part of one of the nost tectonically dynam c regions of the
wor | d. The study area lies just northwest of a major plate
boundary where dense oceanic crust (the Pacific Plate) is
being rapidly subducted beneath |ighter continental crust
(the North Anerican Plate). This tectonic reginme results in
the devel opnment of nmany |arge-scale, structural features
whi ch incl ude:

a) A deep subnarine trench (i.e., Al euti an

Trench)
b) A series of sedinment-filled structural de-
pressions or forearc basins (i.e., Shelikof
Strait and the sedinentary basin on the shelf
sout heast of Kodi ak Island).
c) Thrust-faulted bedrock wedges which extend
above sea level (i.e., Kodiak Archipelago and
the Al aska Peninsula).

d) An active volcanic arc (Al aska Peninsula and

Al eutian Channel).

These features are oriented along the structural grain
of the region, which trends northeast and is parallel to the
Al eutian Trench Pl ate boundary. The study area consists of
open folds and en echelon thrust faults wth upthrown

northern |inbs. Many of the major tectonic features of the

sout hwestern Al aska structural province are present in the



study area, including the Bruin Bay and the Border Ranges
Fault =zones (Fig. 3; nodified from Selkregg, 1974; Fig.
53a) .

Subducti on zone boundaries and island-arc regions are
tectonically very active and are the loci of global seis-
mcity. Rapid rates of uplift tend to create steep slopes
and incised drainage patterns, resulting in rugged topog-
raphy and i mmature shorelines. The tectonic activity of the
region is characterized by such recent events as the 1964
Good Friday earthquake (Stanley, 1966), the volcanic erup-
tions at Katmai/Novarupta in 1912, and the eruptions of the
Trident volcanoes in the 1950's and 1960’ s. These events
were acconpanied by landslides, ash falls, and vertical
di spl acenents of bedrock up to three neters (Stanley, 1966;
Plafker and Kachadoorian, 1966)

The bedrock of the study area is an uplifted and de-
formed structural belt conposed of nmarine netasedi nentary
and metavolcanic rocks, which are intruded by batholithic
and volcanic rocks (Fig. 3). A thick basal sequence of
metasediments is unconformably overlain by fine-grained
sedinents aging from the Md-Jurassic to Tertiary. The
entire conplex was intruded by mneralized Tertiary batho-
liths. Large-scale, thrust faults brought ol der metasedi-
ments in contact wth younger rocks. The Al aska Peninsul a
segnent was then pierced by the Al eutian volcanic-arc com
pl ex. Maj or thrust faults on Kodiak (e.g., Uganik Thrust)

are intercepted as boundaries separating older, subduction
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conpl exes and deep-sea netasedi nents from younger, basinal
mari ne sedinments. This seaward accretion continues today at
the plate margin (Burk, 1965; Plafker, 1972; Connelly, 1978;
Moore, 1978).

Lithologic Units

Ei ght mmjor lithologic units are present in the study
ar ea. These include Paleozoic basenent, stacked volcano
sedi nentary packages (i.e., Late Triassic Shuyak Formation,
Early Jurassic Kodiak Islands Schist Terrain, Cretaceus
Uyak Conpl ex, Cape Current Terrain, and the Upper OCretaceus
Kodi ak Formation), and narine basal sedinents (i.e. , Early
to Md-Tertiary Sitkalidak and Narrow Cape Formations).

The ol dest rocks are a thick, Paleozoic netasedi mentary
sequence of gneiss, schist, slate, quartzite, and marble.
This unit is present in isolated outcrops on the Al aska Pen-
insula north of the Bruin Bay Fault.

Unconfornmably overlying the Pal eozoic basenment on the
Al aska Peninsula is a thick, Md- to Late-Msozoic, meta-
sedi mentary conplex intruded by a large, Md-Tertiary bath-
olith.

The basal wunit on Kodiak Island is the Shuyak Forna-
tion, an early Mesozoic, metavolcanic sequence WwWith inter-
bedded turbidites (Connelly, 1978). This is overlain by a
hi ghly deformed and netanorphosed volcanic and sedinentary
unit derived from a Mid- to Late-Mesozoic, subduction com

plex (Moore, 1969; Carden, 1977, Carden et al., 1977)



These rocks are intruded by a small, Jurassic hornblende

diorite pluton (Connelly, 1978)

The Kodiak Formation (Upper Cretaceus) nakes up nost

of Kodi ak 1sl and. It is a deforned, narine turbidite se-
quence conposed of coarse conglonerates, interbedded wth
arkosi c wackestones (More, 1969) . This formation has been

interpreted as a deep-sea, trench sequence deposited during
subduction (Plafker, 1972; Moore, 1973a, b; Jones and d ark,
1973; Budni k, 1974) . Kodi ak rocks were subsequently in-
truded by an Early Tertiary pluton which runs down the axis
of Kodiak 1sland. Overlying the Kodiak Formation is the
Early Tertiary Ghost Rocks Formation, conposed primarily of
wacke and argillite. This highly defornmed unit is inter-
preted as a tectonic, nelange wedge deposited during subduc-
tion.

The entire Mesozoic section is overlain by fine-
grained, Tertiary marine sedinents derived from erosion of
the Al aska Range and Tal keetna Muntains to the northeast

(Sitkalidak and Narrow Cape Formations; More, 1969).

Geomorphology

The coastline of the study area has youthful topo-
graphic features resulting from active tectonism and in-
tense Quaternary gl aciation. Long, narrow fjords and U-
shaped val l eys, separated by rocky headlands wth wave-cut
platforns and coarse-grained pocket beaches, are the pre-

dom nant geonorphic features on exposed coasts. M xed sand



and gravel beaches and sheltered rocky headlands fringe the
fjord interiors. Sheltered tidal flats and marshes are
present at the head of several fjords.

Topographically low areas are nobst comonly outwash
plains with accunmulations of unconsolidated glacial sedi-
ments covered by ash soils. High rates of uplift and rain-
fall coupled with locally steep slopes induce rapid erosion
and | andsl i di ng. This material is rewdrked by marine pro-
cesses to form long expanses of mxed sand and gravel
beaches (e.g., southwestern Kodiak I|sland and the Puale Bay
area of the Al aska Peninsula). Tertiary vol cano-elastic
sedinments are exposed in an erosional shoreline in the
Katmai River vicinity. Exposed erosional escarpnents and
pocket beaches are fronted by lowtide terraces conposed of
the reworked sedinments. At the nouth of the Katnmai River, a
smal |l delta-strand plain system is present fronting w de,
sheltered tidal flats.

Shoreline sedinments in exposed areas tend to be coarse-
grained (gravel/boulder) wth very little sand or nud,
reflecting high-energy marine conditions (Fig. 4, from Sears
and Zi nrerman, 1977) . Fi ne-grained sedinents are common

only in sheltered, back bay areas.

Physi cal Cceanography/d i mate
The entire southwestern Al aska province experiences a
maritinme climate with heavy precipitation. Air tenperature

averages about 10° (50°F) and ranges from -14% to 22.2°c
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FIGURE 4. Map indicating the general distribution of substrate types
t hroughout the study area (from Sears and Zi mernan, 1977).

(6°F to 72°F) . Total annual precipitation is about 290 cm
(114.3 in), 150 cm (58.5 in) falling as snow (AEIDC, NCC,
1977a; b). Wnd and wave directions are predom nantly west-
erly and northwesterly (Fig. 5) , but vary seasonally. In

general, winds plow from the east and south in the summer,

and the north during the winter. Data on w nds and waves

are sunmarized in Appendix I. H gh velocity w nds and |arge
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WIND FREQUENCY

WIND VELOCITY
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o _ ”
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FIGURE 5. Wnd and wave data taken from the Ssurvey of Synoptic Meteoro-
ogica GDServations (U S. NWC, 1970). Note the predoni nance
of the westerly and northwesterly winds and resultant wave
energy flux.

amplitude waves are generated by cyclonic storns which are
drawn into the Gulf of Al aska along | ow pressure troughs and
funnel ed through the strait. Data on novenent of |ow pres-
sure centers are also summarized in Appendi x 1.

Conmpl ex and variable nearshore bathymetry affects the
| ocal wave climate. In the vicinity of fjord nouths, near-
shore water depths can be extrenme, comonly greater than 100
m (300 ft) wthin one kilonmeter of the shoreline. The
fjords thenselves are long and narrow, and trend nore or
| ess perpendicular to the coast, resulting in severely lim-

ited fetch and abrupt changes in the trend of the coastline.
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Local winds are sometimes generated at the heads of
fjords by catabatic circulation and blow down along steep
si de sl opes. This explains the devel opnent of small spits
that are sonetines present in a fjord interior. The limted
fetch in Shelikof Strait (60 km (45 mi) wide) also restricts
wave height and period in that area.

Mean tidal range varies from 3-6 neters (nm) (10-18 ft)
along the coastline of the study area (AEIDC, NCC, 1977a;
1977b) . Ti des throughout the region are semidiurnal. The
tidal range on the Al aska Peninsula is higher than that of
Kodi ak and Af ognak I sl ands. Tide data are graphically sum-

mari zed in Appendix |I.
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METHODS OF STUDY

To undertake a project covering an area as large as the
Shelikof Strait region of A aska, a technique is required
that can be used to assess |large sections of shoreline rap-
idlf, and synthesize the findings onto maps of a suitable
scale (1:63,360 in this study) . The nethod enployed in this

study is called the integrated zonal nethod, devel oped by

Hayes and others (1973) to classify large sections of Al as-
kan coast for the Ofice of Naval Research. The addition of
bi ol ogi cal conponents to these geologically oriented, field
studi es provides an integrated approach to determne priori-
ties for environnental protection.

By conbining the field survey “data with information
taken fromthe literature search (soci oeconom c, biological,
and geol ogi cal basel i ne data), two sets of naps were
prepared as a final product:

1) A file copy using a standard 1:63,360 topo-
graphic map on which color-coded biologica
information and nunerically coded environnental
classifications were presented.

2) An 8% x 11", photo-reduced, bl ack-and-white
topographic map with a nunerically coded ESI.

This Dbl ack-and-white serieswas prepared for
publ i cati on purposes.
The nethods used to collect the information presented on

t hese maps are described bel ow
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A conbination of literature review and ground and ae-
rial surveys was used to prepare the final product. Duri ng
all stages of the project, the literature was revi ewed for
regional and local information pertaining to ecol ogica
setting, geology, climte, and soci oeconom c. Upon conpl e-
tion of the initial literature survey, an intensive field
survey was undertaken by a five-man research team between 19
May and 10 June 1980. During this period, aerial reconnais-
sance of the entire coastal zone was conducted. Observa-
tions and initial shoreline classifications were recorded
onto USGS topographic maps using a nunerical code. Aeri al
phot ographs were taken with a 35-nm canera, and descriptions
were recorded on tape. During the aerial reconnaissance
the |l ocations of ground stations were sel ected.

G ound study sites were then selected on the basis of
all information available, using an approxinate spacing of
15 km The |l ocations of these ground stations, 63 in total,
are shown in Figure 6. Special attention was given to areas
of ecological sensitivity and/or socioeconomc jnportance.
Two types of ground stations were established: (a) rapidg-
survey sites, and (b) detailed profile sites.

At the rapid-survey sites, assessnent of the biol ogical
and geonorphic characteristics of the ground station was
conduct ed. A series of photographs were taken at various
positions to docunent the biota and beach norphol ogy present

at the study site. In some cases, specinens and sedi nent
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FIGURE 6. Map showing the location of the 63 ground survey stations

established in the study area.

sanples were collected and | ogged. Finally, a detailed

description of the ground site was recorded on tape.

At the detailed profile sites, the follow ng nethods

were used to collect pertinent data:

a) A topographic profile of the beach was surveyed
using the Emery (1961) nethod. Descriptions of
geonorphic features, sedinent types, and bio-
logical information (e.g., species, densities,
and abundance) were recorded along the pro-
file.

b) Sedinment sanples were collected at selected

| ocations along the profile. These sanpl es



d)

were later analyzed for grain-size character-
i stics. The location of each sanple was re-
corded on the profile data sheet. Because of
an extensive sedinent data base provided by an
earlier study (Ruby et al., 1979), sedinent
sanples were not collected at all ground sta-
tions during this study.

Intervals (area between two discrete elevation
points wthin the profile) were set between
community boundaries (ecotones) to avoid the
inclusion of an edge effect within the inter-
val . Macroflora and nmcroepi fauna were cen-
sused within three randomy selected 1/50 WF
guadrats within each interval. The abundance
of macroflora was recorded as percent coverage
of the surface area, whereas nacroepi fauna were
recorded as nunbers of individuals of each taxa
per 1/50 ni. These data are presented in dis-
cussions of oil-sensitive environnments.

Macroi nffauna were censused wth triplicate
cores (core dianmeter = 13 cn) driven 15-20 cm
into the substrate within randomy selected
1/50 niquadrats. Sanpl es were passed through
al -mMm mesh sieve and sorted to the |owest tax-
onomic group. Sanples for |ab analyses were
preserved in ten percent formalin and then

bagged and | abel ed. These findings were used

15
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to describe biological utilization at oil-
sensitive coastal environnents.

e) A sketch was nade to illustrate all aspects of
the profile site. Sanpl e | ocations as well as
bi ol ogi cal and geonorphic features were | ocated
on the sketch.

f) Photographs were taken at several angles to
docunent the norphol ogi cal and  biol ogi ca
aspects of each station.

g) Detailed verbal descriptions of the biological
and geonorphic characteristics of the site were
recorded on tape. Edited transcripts of these
descriptions are presented in Appendix I1I.

These data were conpiled and used to characterize and
descri be each environnent with respect to its sensitivity to
damage by spilled oil. Each environnment type is represented
on the maps by a nunber identifying its rank in the ESI; the
hi gher the nunber, the greater the sensitivity of that envi-
ronment to spilled oil

In addition to characterizing the shoreline classifica-
tions, areas of special biological inportance were identi-
fied. The localities of oil-sensitive, protected, or
commercial species and commnities are noted by colored
circles. The information provided on each circle is illus-
trated in Figure 7. On the larger file-copy maps, the color
of the circle allows rapid identification of the type of

organism present: yellow = marine mammals; green = birds;
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WINTER
(DJFY

FIGURE 7. A Kkey to the information appearing on wildlife markers, which
includes type of organism ecological type, species, and sea-
sonal utilization.

blue = fishes; orange = shellfish. The silhouette in the
center of the marker refers to the ecological groups listed
in Table 1. On the black-and-white map series, organism
type may be determ ned by matching the ecol ogical group sym
bol with its corresponding synbol in Table 1. The nunber
refers to a species or species group as listed in Appendix
[, Seasonality data indicated on the outer perinmeter of
the col or-coded marker (see Fig. 7) are shown to indicate
the seasons of the year that a particular species or group
of species (i.e., mxed bird colonies) are present and
susceptible to oil inpact. Consideration is given to such
factors as reproduction, mgration, and feeding behavior

(CGetter et al. , 1981)
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TABLE 1. Synbol s of critical ecological groups used on the
ESI maps.

RESI DENT MARI NE MAMVALS

A Seals - Puppi ng or haulout grounds

/4( Sea Qters - Feedi ng, pupping, or haulout grounds
MARI NE Bl RDS

R @lls and Terns - Rookeries and critical forage areas
* D ving Birds - Rookeries and critical forage areas
FI SH

«dg« Sal nON - Spawni ng areas or runs (hatched

lines indicate fish runs)

SHELLFI SH
9 Cans or - Abundant clam or nussel areas
nmussel s

As described earlier, an extensive literature search
was conducted to provide this baseline information. Primary
data sources utilized included the principal investigators’
reports for the Al aska OCSEAP (1976-1979), Al aska Depart nent
of Fish and Gane resource maps (ADFG, 1976a, 1976b; 1977a,
1977b), Sowls and others (1978), and Gusey (1979).

Soci oeconomic resource information was presented to
provi de specialized data relative to OCS Lease Sale No. 60
and to augnent the decision-nmaking processes in the case of

an oil spill. The soci oeconom ¢ information appearing on
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t he base maps does not affect the ES | nunerical rating and
is designed to be used in the sanme manner as the bi ol ogical
resource information - to highlight especially sensitive
areas. Soci oeconom ¢ information which was not of direct
i nportance for consideration during the spill is excluded
from these naps.
The information was gathered from four data sources:
1) The 1977 Al aska Coastal Land Status and Land
Use Atl as.
2) The Bureau of Land Mnagenent - Alaska (land
status records current through 1980).
3) The Draft Environnmental I|npact Statenment pre-
pared by BLM (Al aska Quter Continental Shelf
Ofice) for Gl and Gas Lease Sale No. 60.
4) The map file housed as public record by the
Al aska Resource Library.
I nformati on concerning physical boundaries appearing on
the maps is as exact as possible with a scale of 1:63,360.
This information was limted to | and havi ng approved stat us.
Thus, many of the |ands under application by the state, na-
tive villages, or corporations of the federal governnent,
which are potentially set aside under D2, do not appear on

t hese maps.
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ENVI RONVENTAL SENSI TIVITY | NDEX (EST)

The ESI for oil spills is based on field investigations
of four nmassive oil spills (METULA, URQUIOLA, AMOCO CADIZ,
and IXTOC |) and several smaller incidents (including spills
under both tropical and ice conditions) , plus an extensive
literature survey. A list of the studies of major oil
spills that have provided the nost information on this
subject is presented in Table 2.

The first application of the concept of a sensitivity
i ndex by our group was nade during the mapping of the geo-
| ogi cal sensitivity of the coastline of |ower Cook Inlet,
Al aska, in 1976 (Hayes et al., 1976; Michel et al., 1978) .
That study defined an O1 Spill Susceptibility Index, which
was based primarily on “the physical longevity of oil in
each environment in the absence of cleanup efforts” (Michel
et al., 1978, p. 109). This same principle was used by Num-
medal and Ruby (1979) to map the Al aska coast of the Beau-
fort Sea. Gundlach and Hayes (1978b) expanded the concept
to include sone biological considerations. Thi s expanded
index, called the Gl Spill Vulnerability Index, was used to
map several additional areas in Al aska (e.g., Ruby and
Hayes, 1978).

The ESI used in this report integrates geonorphic and
bi ol ogi cal factors. Getter and others (1981) added Iiving
resource information to the index while retaining its rel a-
tive sinplicity. This was acconplished by indicating areas

critical to fish, reptiles, birds, and marine nmanmmals for
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TABLE 2. The ESI| predicts the sensitivity of coastal
environments and wildlife to spilled oil. These
predictions are based upon observations nade
during studies at the follow ng key oil spills.

OL SPILLS DATE TYPE AND AMOUNT STUDI ES
WN 11 Tankers Jan. -June  Various; Campbel | et al. (1977)
U S. East Coast 1942 533, 740 tons
TORREY CANYON Mar. 1967  Arabian Qulf crude; Smth (1968)
Silly I sl es, 117,000 tons total:
U. K 18, 000 tons onshore
Santa Barbara Jan. 1969 California crude; Foster et al. (1971)
Bl owout 11,290 to 112,900
tons total; 4,509
tons onshore
METULA, Strait Aug. 1974 Saudi Arabian crude; Harm (1974);
of Magellan, 53,000 tons total; Blount (1978)
Chile 40, 000 tons onshore
GARVIS Aug., 1975 Crude; Chan (1977)
Florida Keys *210 tons
URQUIOLA, May 1978 Arabian Qul f crude; Gundlach and Hayes
La Coruna, 110,000 tons total; (1977) ;
Spain 25, 000- 30, 000 tons Gundlach et al.
onshore (1978)
AMOCO caDp1Z Mar. 1978  Arabian Qulf crude; Gundlach and Hayes
Brittany, 223,000 tons total {1978b) ;
France Hayes et al. (1979)
HOMRD STAR Cct. 1978  Crude and distil- Cetter et al. (1980b)
Tanpa Bay late; 140 tons
PECK SLIP Dec. 1978  Nunmber 6 oil; Getter et al. (1980a);
Eastern 1,500 tons Gundlach et al.
Puerto Rico (1979)
1xXTOC | June 1979  Crude oil; several Cetter et al. (1980c);
Gulf of to April hundred t housand Gundlach et al.
Mexi co 1980 tons (1981)
BURMAH AGATE Nov. 1979 Crude and refined Thebeau and Kana
Texas product (1981)
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feeding and reproduction with color-coded wldlife synbols.
These synbols include the seasons in which these species use
certain areas. Access points to the shore and facilities
such as marinas and boat ranps are also indicated on the
maps. These refinenments were applied to ESI maps used in
energy port planning projects (Hayes et al., 1980)

ESI maps were first tested during a major oil spill
followng the IXTOoC | blowut in the Gulf of Mexico. The
ESI maps becane an integral part of the overall federal re-
sponse plan to protect the Texas coast, providing the scien-
tific basis for setting protection priorities and cleanup
strat egi es. Since then, ESI mapping has been carried out in
Massachusetts, South Carolina, the remminder of Texas,
southern California, Puget Sound (Washington), and Shelikof
Strait, Pribilof Islands, and Norton Sound (Al aska).

In addition to conbining geonorphic and biologica
aspects into the index, socioeconom c information was super-
i nposed graphically on the ESI maps. Nati onal and state
park boundaries, mning |ease sites, and native subsistence
areas are anong the paraneters highlighted. Detai |l ed de-
scriptions of biologic and socioeconomc information are
presented later in this text.

The shoreline classifications defined for the Shelikof
Strait area of Alaska are presented in Table 3 in order of

i ncreased potential for damage by oil spills.
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TABLE 3. Distribution of shoreline types in sShelikof
Strait.
% TOTAL ESI
COASTAL TYPE KILOVETERS M LES SHORELI NE ~ CLASSI FI CATI ON
Exposed
rocky headl ands 243.3 150. 8 10.0 1

Wave-cut platforns 402. 3 249. 4 16.4 2
Fi ne/ medi um gr ai ned

sand beaches 1.0 0.6 0.04 3
Coarse~grained

sand beaches 42.0 26.0 1.7 4
Exposed tidal flats

(1 ow bi omass) 16.5 10. 2 0.7 5
M xed sand and

gravel beaches 911.0 564. 8 37.0 6
Gravel beaches 223.5 138.6 9.0 7
Exposed tidal flats

(noderate bi omass) 4.3 2.7 0.17 7a
Shel tered rocky shores 222.3 137.8 9.1 8
Sheltered tidal flats 239.0 148. 2 9.7 9
Mar shes 153.7 95.3 6.2 10

2,458.9 1,524.4




ENVI RONMENTAL ~ SENSI TIVITY | NDEX
FOR THE SHELIKOF STRAIT REG ON OF ALASKA

SHORELI NE TYPES

1) Exposed rocky headl ands

2) Wave-cut platforns

3) Fine/medium-grained sand beaches
4) Coar se-grai ned sand beaches

5) Exposed tidal flats (low biomass)
6) M xed sand and gravel beaches

7) Gavel beaches

Exposed tidal flats (noderate bionmass)
8) Sheltered rocky shores

9) Sheltered tidal flats

Mar shes

Bl OLOG CAL RESOURCE INFORMATION

/c(,) Manmal s
W A Birds
-l Fi sh;
8@ Shellfish

Anadr onous Fi sh Runs == ====p

| BROWN BEAR
FEEDING AREA
————

l SITKA BLACK
TAIL DEER

FEEDI NG AREA

SOClI CECONOM C | NFORVATI ON

Mining Lease Sites
E Forest Preserves

Ar chaeol ogi cal Sites

Each environnent al

ing section.

Private Properties

Landing Strips

= Tidal Lease Sites

classification is discussed in the foll ow
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1) EXPCSED ROCKY HEADLANDS

Description

.Physi ca
- Steep scarps in bedrock
- Boul ders may be found at base of scarp
- Exposed to strong waves and currents -
.Plants
- Dominant plants are attached algae
- Zonation i S controlled by slope of rock face and exposure to waves
- On steep shores, an upper zone of rockweed and a |ower zone of kelp
are present
- On less steep shores, a third zone of brown, green, and red al gae
(such as G gartina, Rhodemela, Halasaccion, Porphyra, Syctosiphon
and uUlva) s present
- Surface plant coverage is high; (mean coverage = 86.4%
<Ani nal s
Bar nacl es and nussels are domi nant_aninals and form two zones
Bar nacl es have naxinum densities (X = 19,110/m2) in the upper inter-
tidal to supratidal zones _
Mussel s have maxi num densities (X = 4,140/m2) in the md to | ower
intertidal zones
Littorine organi sns were observed throughout the intertidal zone
(maxi num densities: X = 4,006/m?)
Infauna are mnimal due to rocky substrate
"Underrock"” fauna popul ations are variable, but generally sparse in
upper intertidal zones and noderate to heavy in lower intertidal
zones

Predicted G| Behavior

.Along very steep shores:
- most oil would be held offshore by reflected waves
- deposited oil would be renoved rapidly by waves
.On | ess steep shores:
- upper intertidal and supralittoral zones would be nost heavily oiled
- six to nine months would be required for natural renova
- oil trapped in tidal pools probably would kill residing organismns

Potential Biol ogi cal Danages

« Greatest exposure would be to upper intertidal, supralittoral, and
tide pool organisns

. Inpact to fauna and flora would be [ow due to short-term oil persis-
tence

. Mrtalities may be caused by snothering in cases of heavy oiling

- Renoval of grazers may cause tenporary increased productivity of
attached al gae

- Seal s usin% exposed rocky headl ands as haulout areas may be affected by
oil on the body; attenpts to renove oil by licking results in ingestion

- Many bird species (alcids, gulls, terns) nest on offshore, exposed rocky
i slands and spend rmuch tine in the nearshore waters; birds would be *©
oiled during attenpts to land in waters becal ned by oi

Recommended Cl eanup Activity

.On very steep shores, no cleanup would be necessary
.On less steep shores, high-pressure spraying would be effective only
while oil remains liquid
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FIGURE 8. Aerial viewof an exp
rocky headland in the Kodiak Archi
ago. The upward tilting strata a
for the devel opnent of small tida
pools . Reflecting waves and high-
wave energies would mnimze heavy
oi ling and oil persistence.

FIGURE 9. Large boulder and col
beaches are comonly associated w.
exposed rocky headl ands. These
beaches usually overlie a bedrock
platform which is formed as the
headl and erodes.




FIGURE 10. Aerial view of an
I sol ated exposed rocky headl and.
Note the |arge boul ders imediately
adj acent to the headland (arrow).
Sedi ments generally beconme finer in
the downdrift direction away from
the headl and.

FIGURE 11. Exposed rocky shore
showi ng four distinct biological
zones: (1) barnacle (Balanus
cariosus) zone, (2)blue nussel
zone, (3) brown and red algae zone,
and (4) barnacl e (Balanus_glandula)
zone.

FIGURE 12. Close-up of upper
intertidal, attached al gae zone
on an exposed rocky shore.

Common species found in this zone
are rockweed (Fucus distichus);
red algae (Endocladia nureata) ;
barnacl e (Chthamalus dalli); and
periw nkle (Littorina sitkana).
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2) WAVE- CUT PLATFORMS

Description
.Physi ca
Conposed of either glacial till or bedrock
Along till-backed shorelines
- composed of eroding till having a steep, exposed scarp

- usually narrow platform and beach
- beach conposed of mixed sand and gravel /cobbl es
- exposed to high waves
- beach sedinments are highly nobile
Al ong bedrock shorelines:
- boul der-strewn
- contain narrow to very wi de platforns
- exposed to high waves
- backed by steep, rock scarps
.Plants
- Dominant plants are attached algae on bedrock platform
- Domi nant species throughout the intertidal zone are rockweed
- Red npss algae occurs in the upper and nmiddle intertidal zones
- Kelp grows in lower intertidal zone
- Maxi mum surface coverage is high (X = 93.4%

«Ani mal s
- Density is moderate to heavy, but generally |ower than exposed rocky
headl ands )
- Two dom nant zones occur: (1) barnacles and littorine snails and

(2) mussels; both zones have rich epifaunal comunities
- Diverse "underrock" communities of sea urchins, starfish, poly-
chaetes and anphi pods are present

Predicted G| Behavior

.Short-term persistence of oil would occur along upper intertidal sedi-
nment s ﬁnixed sand and gravel)

e Some biological damage would occur, primarily to lower intertida
conmmuni ty

Potential Biological Danages

Gl remaining in the upper intertidal and supralittoral zones would
snot her barnacles and snails, and would retard recolonization in
proportion to its persistence

.Gl seeping into cracks and crevices between rocks would inpact the
"underrock" Organi sns

. Though rockweed has a high resistance to oil because of its mucilagi-
nous covering, associated epifauna (anphipods, polychaetes, chitons)
woul d be contaminated by the oil, causing die-off by mechanica

(smot hering) or physiological (ingestion or absorption) means
Recommrended Cl eanup Activity

«Hi gh-pressure spraying of rocks may be effective

- Manual / mechani cal cl eanup of thick oil accunulations is recomended
with caution
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FIGURE 13. Aerial view of a
wave- cut platform on the Al aska

Peninsula.  These environnents
are subj ect to high wave energy
and persistence of oil would be

low. Small tidal pools (arrow)
are forned as |ess resistant

strata are eroded fromthe
platform surface.

FIGURE 14. Aerial view of eroding
till scarp. Platforms are also
formed as gaca i Sedi ments
are eroded. The resulting platform
is generally narrow and overlain
by |arge boul ders and cobbl es.
Because of high wave energy, per-
sistence of oil would be short.




FIGURE 15. Lower intertidal zone
of wave-cut platform Rocks are
covered by lamanarian and al arian
kel ps.

FIGURE 16. Cl ose-up view of |ower
intertidal zone of wave-cut platform
Alarian kelps, red algae, blue mus-
el s, and barnacles are present.
Heavy oiling could asphyxiate nus-
sels and barnacles. Kelps have a
muci | agi nous coating that helps
protect themfromthe effects of
oil.

FIGURE 17. Tide pools are common
in bedrock platforms and contain many
organisms. Organisns seen in this
photo include sea anenpbnes, blue
mussel s, barnacl es, littorine snails
and pink corraline al gae.
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3) FINE/MEDIUM-GRAINED SAND BEACHES

Description

. Physi ca
- Usually gentle slope with broad, flat profile
- Oten exposed to noderate and high wave energy

- Boulder or gravel accumulations may be present in the lower intertida
zone

.Plants
- Scattered beach grasses and plants growing at the base of the escarp-

nments; no vegetation growing on storm beach or intertidal zones

- Beach wack conposed ofdecayi ng kel ps and rockweed
Ani mal s

- Insects and anphi pods associated with beach wack are present

- Burrow ng anphi pods and polychaete worns present in the upper and md
intertidal zones

- Sone burrowing clans present in the lower intertidal to subtidal zones
- Density and diversity are low

Predi cted ¢il Behavi or

.Large accunul ations would cover entire beach face

.Snﬁ_l accunul ations woul d be deposited prinmarily along high tide swash-
i nes

.The conpact sediments of this beach t&Be prevent deep penetration of oi
.Gl may be buried to a maxi mum of 10- cm al ong the upper beach face

Potential Biological Damages

Bi ol ogi cal danmage would be limted

.Intertidal organi snms woul d have short-term exposure because oil would
be deposited over berm crest

Reconmended O eanup Activity

.Cleanup should begin only after majority of oil is deposited onshore
.Cleanup should concentrate on renoval of oil from upper swash zone
.Mechani cal nethods should be used cautiously but, generally, fine-grained

sand beaches are anong the easiest to clean nechanically because of
their hard, conpact substrate

.Renoval of sand should be mnimzed



FIGURE 19. Gound view of station
SKF-29 . Sedinents at this station
are strongly bimodal. The large
cobbl es and boul ders seen here are

eroded fromglacial till. Species
diversity and density is low and
bi ol ogi ¢ damage from oil inpact

woul d be m ni mal

/L ZROFILE
/ LINE

A
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FI GURE 18. Gound view of a fine/
medi um grained sand beach at station
SKF-42 . Fine-grained sand beaches
are not common on Shelikof Strait
and are usually found as pocket
beaches between headl ands.  Sedi-
ments generally have a gravel or
cobble fraction. O persistence
in this environnent would be |ow.
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4) COARSE- GRAI NED SAND BEACHES

Description

. Physi cal
- Usually displays a short, steep beach face with a wide
backshore
- Sediments |oosely conpacted
- Beach norphol ogy responds rapidly to changi ng wave and
tidal conditions
.Plants
- Vegetation restricted to intermttent cover near scarp

- Beach wrack conprised prinmarily of deconposing kelp
«Ani mal s

- Low species diversity and density

- A few polychaetes were found at or between |low and niddle
intertidal zones

- Beach wack provides a habitat for anphipods and insects

- Some burrow ng anphi pods observed at high intertidal zone
near berm crest

- Shorebirds were observed feeding in beach wack associated
with driftwood wack at base of scarp

Predicted G| Behavior

.Large accumnul ati ons woul d cover entire beach face

.Smal |l accunul ations would be deposited prinmarily along high
ti de swashlines

.01 may be buried deeply along berm and berm runnel

Pot enti al Biol ogi cal Damages

Bi ol ogi cal damages woul d be mi ni nal
.Supratidal organi sms would suffer only short-term exposure
unl ess oil penetrates substrate
.Were oil penetrates substrate, sone die-offs of infauna
woul d be expected

Recommended C eanup Activity

C eanup should conmence only after majority of oil is
deposited onshore
.Cleanup should concentrate on renoval of oil from upper
swash zones _
.Mechani cal methods shoul d be used cautiously
Sedi ment renoval should be mnimzed
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FIGURE 20. Aerial view of coarse-
grained sand beach along a large spit
conpl ex.  Coarse-grained sand beaches,
l'i ke fine/ mediumgrained sand beaches,
conprise a |ow percentage of the shore-
line along Shelikof Strait.

FIGURE 21. Gound view of coarse-
grai ned sand beach. Because sedinents
are loosely conpacted and respond rap-
idly to changing wave and tidal condi-
tions, oil would be buried and retained
| onger than in fine-grained sand beaches.
Bi ol ogi cal damage woul d be m ni mal
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5) EXPCSED TI DAL FLATS (LOW BI QVASS)

Description

.Physica
- Sedinents range from fine-grained sand to gravel
- Sediments are generally very nobile due to waves and tida
currents
Associated with tidal deltas and, in sone areas, front sand
o M xed sand and gravel beaches
.Plants
- Very little flora are present
- Mobile substrate prevents attachment of al gae
< Ani mal s
When present, benthic infauna are domi nant organi sns
- Species diversity and density vary with substrate
- ans, polychaetes, and burrowi ng crustaceans are the nost
conmon ni cr oor gani sns
Faunal density is lowest at high intertidal zone, increasing
at md and low intertidal zones
In sandy bottom flats exposed to high wave energy, deep-
burrowing clams (e.g., razor clanms) dominate sinple benthic
conmuni ti es
Birds utilize exposed flats as roosting and foraging areas

Predicted G| Behavior

.Mst oil would be pushed across tidal flat surface onto adja-
cent shores by wave and tidal activity

.Mbile sedinents in coarser grained flats would prohibit
accumnul ati on

Potential Biological Danages

G| would inpact organisnms at high tide swash zone and in pools
left during receding tide

.01l left on substrate during receding tide would:
- penetrate burrows of clans and other burrowers
cone in contact with or be ingested by these organisms
- be incorporated into the sedinents
.Birds foraginP on flats would be exposed to oil by:
- feather oiling

ingestion of immobilized or weakened organisns resulting from
oi | contam nation

Recommended Cd eanup Activity

.No pleﬁnup usual |y necessary in areas where oil accumul ation
is low

.Renoval of sedinent should be avoi ded
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FIGURE 46. Gound view of a marsh
in Wde Bay on the Al aska Peninsul a.
Two types of narshes are common in
Shelikof Strait: (1) fringing narshes
(shown here), and (2) broader, nore
wel | -devel oped narsh systens.

FIGURE 47. Ground view of a wyalil-
developed marsh and channel svstem.
During a spill, the tidal creeks
woul d act as conduits transporting
the oil into the marsh system




FIGURE 48. Aerial view of fringing
marsh.  The marsh develops in the areas
exposed to the | owest wave energy
(arrows).

FIGURE 49. Gound view of fringing
marsh. G deposited in these areas
woul d be present for many years be-
cause of |owwave energy conditions.
| npact on marsh grasses woul d be se-
vere if oil becomes incorporated into
the sedinents. Heavy oiling would kill
seasonal growth and if oil remains through
the winter, new growth woul d be affected.

FIGURE 50. Aerial view of fringing
marsh (arrow) |ocated along a shel -
tered tidal flat. Mst fringing narshes
observed were associated with a fresh-
water influx. The marshes usual Ilg/ con-
tained only one grass species. €W macro-
epi fauna were present.
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6) M XED SAND AND GRAVEL BEACHES

Description

.Physica

- Sediments may be either domnantly nmobile or stable, dependent on
| ocation of beach with respect to wind and wave conditions
- Generally conposed of coarse sand and gravel

- Natural sorting processes may form sand “stringers” at |ower
intertidal zone

.Plants
Domi nantly mobile substrate: )
- Algae density is either very low or nonexistent because of scour-

ing action from active nmovenent of beach sediments due to waves
Domi nantly stable substrate:

- Attached algae density is noderate with a nean surface coverage
of 63 percent

Dom nant species is rockweed with Syctosiphon, Porphyra, and

Enteromorpha conprising other common al gae species
Ani mal' s

Domi nantly nobile substrate

- Few macrofaunal organisns are able to survive in nmobile sand/
gravel beaches

Domi nantly stable substrate:
- Two major communities observed: (1) an upper intertidal barna-

cle coomunity and (2) a nussel community at the md and | ower
intertidal zones

- Amphipods observed beneath | arger rocks
- Foraging area for shorebirds, crows, and gulls

Predicted O Behavior

.01 would be deposited primarily high on the beach face

.01 would be deposited over the |ower beach face only under heavy
accumul ati ons

-Burial may be deep along berm _
.Long-term persistence of oil is dependent 0N incoming wave energy;
in sheltered areas, oil would remain for several years

Potential Biological Damages

.Dom nantly nobile substrate:
- Biological damage woul d be mininal
.Don1nant|y stabl e substrate:
Bi ol ogi cal damage woul d be noderate to heavy
- Heavy oiling would snother barnacle and nussel communities

- Infauna woul d be affected by 0|é Percolating through coarse sedinents

- Birds would be affected by oile eathers and possible ingestion of
contam nated prey

Recommended C eanup Activity

.0 | should be renoved primarily from upper swashlines

.Hi gh pressure spraying may be necessary

.Mechani cal reworking of sediment into the surf zone effective if oi
accunul ation is heavy enough to require it

.Renpoval of sedinent should be restricted
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FIGURE 26. G ound view of typical
m xed sand and gravel beach.  ggyj.
ments can be dominantly nobile (as
shown here) or dominantly stable
depending on the location of the
beach.



FIGURE 27. Cose-up view of sedi-
ments from m xed sand and gravel
beach. Note the well-rounded gravel
conponent conmon on hi gh- ener gy
beaches with nobile substrates.

FIGURE 28. Gound view of a mixed
sand and gravel beach with a dom -
nantly stable substrate (SKF-35).
The arrow indicates a dense nussel
communi ty common at relatively
sheltered m xed sand and gravel
beaches.  Biol ogi cal damage woul d
be moderate to heavy and oil persis-
tence woul d be extended over several
years.

~FIGURE 29. As shown in this ground
view (arrow), sand “stringers” my
devel op near the lower intertidal
Zone.
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7) GRAVEL BEACHES

Description

. Physi cal
- Sedinents nmay be either dominantly nobile or stable, dependent on
| ocation of beach with respect to wind and wave activity
- Conposed nostly of gravel, cobbles, and boulders {<lo% sand)
- Well-sorted gravel commonly |ocated on upper beach face
- Sediments range from angular to well-rounded
.Plants
Domi nantly mobile substrate:
- Beaches generally devoid of vegetation
- Green filamentous al gae observed on small boul ders
Domi nantly stable substrate:
- Rockweed i s dominant algae - Ggartina, Odonthalia, and
Rhodemela conprising other algaes
- Kel'p grows at low intertidal waterline _
- Density is nmoderate to high (surface coverage X = 73.3%
«Ani mal s
Domi nantly nobile substrate:
- Beaches devoid of fauna
Dom nantly stable substrate: _
- Faunal densities are noderate to high: nussels (X = 6,738/m?),
barnacles (X = 12,252/m?), and littorine snails (X = 1,741/m?)
- Two distinct faunal conmunities occur: (1) barnacl e comunity
at supralittoral to upper intertidal zones, and (2) nussel
community at md to lower intertidal zones
- O her conmmobn species: littorina (noderate to high densities),
hermit crabs, and linpets

Predicted O Behavior

.01l would be deposited primarily on the upper beach face
.Gl would percolate easi I¥ into the sedinents
.Burial may be exceptionally deep al ong berm

Potential Biol ogi cal Damages

Domi nantly nobile substrate:
- Damages woul d be mi ni mal
.Dom nantly stable substrate:

- Barnacle comunity would be npst highly inpacted due to long-
term persistence of oil

- Md and lower intertidal zones would have short-term noderate
i npact because of natural cleaning processes

- G would percolate between rocks, and "underrock" organi sns
woul d be inpacted

Recommrended O eanup Activity

.H gh pressure spraying may be required

.Mechani cal reworking of sedinent into the surf zone may be effec-
tive if oil accunul ation is enough to require it

.Renoval of sedinment should be restricted
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FIGURE 30. Gound view of SKF-46
showing a virtually pure gravel beach.
Ol would percolate deeply into-sedi-
ments MBKi ng cleanup extrenely diffi-
cult

FIGURE 31. dose-up of pure gravel
sediments.  These hi gh-energy envi -
ronnents respond rapidly to changing
wave and tidal conditions. Burial
of oil would be especially deep along
devel opi ng berns.




FIGURE 32. Gound view show ng
rel ationship of gravel beaches
with other environments. In this
photo, the gravel beach is posi-
tioned bel ow an exposed rocky
headl and, and inmedi ately adjacent
to a mxed sand and gravel beach.

FIGURE 33. In sone areas oOf Sheli-
kof Strait, large boulders and cobbles
are the dom nant conponents on gravel
beaches. G| would easily percolate
through these sedinents. The dark area
(arrow) is attached filamentous Qgreen
al gae which commonly occurs at the up-
|_oerI intertidal zone where wave energy
s |ow

FIGJRE 34. O ose-up of algae
covered boul ders. Note dense
aggregation of periw nkles
(Littorina sitkana).
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7a) EXPOSED TI DAL FLATS (MODERATE BI-OMASS)

Description

.Physi ca
- Sedinments range fromnud to gravel
- Sediments generally are |less nobile than those described in ESI=5
- Associated with tidal deltas and prograding spits
.Plants
- Very little flora are present
«Ani mal s
- Benthic infauna are doni nant organi sns
- Species diversity and density vary with substrate, which ranges
frommd to mxed sand and gravel
- As in ESI=5, clams, polychaetes, and burrow ng crustaceans are
nost common i croorgani sms, but are found in greater abundance
- Faunal density is lowest at high intertidal zone, increasing at
md and lower intertidal zones
- In high wave energy areas, exposed sand bottom flats are found
- Deep burrowing clans such as razor clanms doninate sinple benthic
conmuni ti es
- Birds utilize exposed flats as roosting and foraging areas

Predicted O Behavior

.Mpst oil would be pushed across tidal flat surface onto adjacent
shores by wave and tidal activity o

.Mbile sedinents in coarser-grained flats would prohibit accunu-
lation

Pot enti al Biol ogi cal Damages

.01 would inpact organisnms at high tide swash zone and in pools left
during receding tide
.01 laid down on substrate by receding tide would:
- Penetrate burrows of clams and other burrowers
- Cone in contact with or be ingested by these organisns
- Be incorporated into the sedinents
Birds foraging on flats during low tide would be exposed to oil by:
- Feather oiling
- Ingestion of oil fronlpreenin% of contam nated feathers
- Ingestion of organisnms which have been imobilized or weakened
by oil contam nation

Recomrended O eanup Activity

No cl eanup usually necessarg in areas where oil accunulation is low
.Renpoval of sedinment should be avoi ded
.Use of heavy machinery would tend to mx oil into sediments
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FIGURE 36. Ground view of ex-
posed tidal flat. Gl would be
pushed across flat surface by
wave and tidal activity to

accumul ate in the upper swash-
l'ines.

FI GURE 35.

Aerial view of an

exposed tidal flat associated
with a delta conplex. Exposed

to noderate

(vs high) wave and

tidal currents, tidal flats
such as the
host | arger
those of ESI

one pictured here
popul ations than
=5.




41

8) SHELTERED ROCKY SHORES

Description

.Physi ca
- Conposed of bedrock and boul ders
- Dependent on seasonal storm activity, typically a |ow energy
envi ronnment
- May have steep erosional scarp fronted by boul ders and/or
m xed sand and gravel beaches
.Plants
- In sheltered rocky shores, rockweed grows throughout the
intertidal zone and is the nobst commobn al gae
- Surface coverage is highly variable but usually heavy
(r = 23-100% X = 63.3%
- Ot her common al gae are Halasaccion, Odonthalia, Rhodomela,
and Porphyra

. Animals

- Barnacles occur throughout the intertidal zone in noderate
to high densities

- Heavi est littorine densities are found at the supralittoral
and upper intertidal zones

- Sea urchins, polychaetes, starfish, and anphi pods are found
under rocks

- Linpets and chitons are attached to rocks at the md and
| ower intertidal zones

Predicted G| Behavior

.Long-term (1-1% years) persistence of oil, especially between
~rocks and boul ders )
.0l would penetrate nore deeply into well-sorted gravels

Potential Biol ogi cal Danmages

.Geatest inpact would be to upper intertidal and tide poo
or gani sns
.0 persistence would be |ong-term because of |ow wave energy
.In cases of heavy oiling, nortalities would be great through-
out the intertidal zone
.Removal of grazers and scavengers would result in increased
al gae productivity for the faster growing red and brown
algaes
.Birds nest on sheltered rocky islands and can be contam nated
in three ways:
- Swinmming in oiled waters
- Landing in oil-calned waters
- Foraging among oiled rocks at |low tide
- Preening would result in ingestion

Recommended C eanup Activity

.High pressure spraying may be effective
.Caution should be exercised in areas of high biomass
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FIGURE 37. This ground view of
protected rocky shore shows a broau
zone of rockweed bel ow a barnacl e
zone (see arrows). The delineation
of zones is not as clear as in the
exposed rocky shores (see ESI=1,
Fig. 11). Rockweed i S nore abun-
dant on the protected rocky shores
than on the exposed rocky shores.




FIGURE 38. Ground view of typica
sheltered rocky shore. Wth the
exception of seasonal stormactivity,
these environnments are sel dom ex-
posed to high-wave energy.

FIGURE 39. Gound view showing a
steep eroding scarp fronted by angu-
lar boulders. Q1 persistence would
extend over several years, especially
in crevices and between rocks and
boul ders.  This photo was taken at
md tide. Note nussel zone at water-
line and barnacl e zone above it.

FIGURE 40. C ose-up of rockweed zone
on a sheltered rocky shore. Rockweed
(Fucus distinchus) i S the nmost conmon
alga 1n the photo. The top arrow
points to Halasaccion Sp. and the
bottom arrow tobl ue nussels (Mytilus
edilus) . The rockweed has a muci | ag-

I nous coating that helps protect the
plant from oiling.
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9) SHELTERED TI DAL FLATS

Description

. Physi cal
- CorrFosed of nud or silty sand
Sheltered from major wave and tidal activity
- Usually located in back bay areas
.Plants
- Flora are generally conmposed of patches of eelgrass
- Mid flats are generally devoid of vegetation
- Rockweed tends to grow on exposed rocks projecting from
the mud flats
Ani mal s
- Infauna are extensive; one pol ychaete species (Polydora)
had counts of 200,000/m?
- Cam popul ations are extensive; butter clans were estinated
at 354/m? based on 30-cm dianeter sanples
- Olther hi gh-density clam species include softshell and Macoma
cl ans
- Many tidal flats are covered with extensive nussel beds
- Many species of birds feed on tidal flats

Predi cted G| Behavior

.Long-term (several years) persistence of oil due to |ack of
wave and tidal activity

Long-term oil incorporation into sedinments is conmmon
.01l would be deposited prinarily along high tide swash zones

Potenti al Biol ogi cal Damages

.Extensive die-offs of infauna would be expected
.Mrtalities would be caused by snothering and ingestion
.01l would penetrate burrows, mxing in wth sedi ment
several centinmeters below the surface
.Recovery could be slow, o0il persistence would be l[ong-term
.Stressed clans nove to surface, attracting birds and other
scavengers who can beconme affected
Gling of birds and ingestion

Reconmended C eanup Activity

.Were sedinent is conpact, manual and nechanical cleanup
may be effective for nmassive accumul ations
Traffic over the flat should be linmted



FIGURE 43. Aerial view of a large
m xed sand and gravel tidal flat. Dark
zones (arrow) along the perineter of
the flat are large nussel beds.

FIGURE 44. Gound view of tidal flat
shown in Figure 43. In gravel and
coarse-grained Sand areas, |arge popu-
lations of butter clanms were found.
Twenty-six clanms were taken from the
hole in this photo.

FI GURE 45. Eelgrass beds are
sometimes located in tidal flat
areas where water is retained.

Most eelgrass beds were observed
in protected, shallowwater inlets,
or bays.
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FIGURE 41. Aerial view of sheltered
tidal flat. Mst of these environnents
in the study area are located at the
heads of bays. Sedinents associ ated
with these flats are conmonly coarse-
grained sand fed into the bay by num
erous nountain streans.
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FIGURE 42. Aerial view of a typical
fine-grained sand, sheltered tidal flat.
Ol would be deposited primarily along
the high-tide swash zone.
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10) MARSHES
Description

« Physi cal o
- Cccur as narrow, fringing marshes or as broad areas within
embayment s
Vel | -sheltered from extrene wave and tidal activity
e Plants
primary vegetation is conposed of halophytic grasses grow ng

from the upper, nid intertidal zone to the supralittoral
zone

-+ Aninals .
- Infaunal and epifaunal organi sms are sparse

I nfauna consist of a few polychaetes and other burrow ng
or gani sns

Predicted O Behavior

.Long-term (5-10 years) persistence of oil is comon wth
heavy accumul ations

.O'Ifyn smal |l quantities would be deposited al ong outer
ringe

.Q1 in large quantities nay cover entire marsh

Potential Biological Danmages

.QO1 would be persistent in sheltered nmarsh areas

.Long-term exposure to oil would damage marsh plants

.Epifaunal and infaunal organi sns woul d be affected by
| ong-term exposure to oiling

Reconmended C eanup Activity

.Under light oiling, the best practice is to let the marsh
recover naturally

.During winter nonths, surface ice (when present) offers
shoreline protection

.During early summer, cutting of oiled fringing grasses or
| ow pressure flushing nmay be effective

.Vehicles and cleanup crews should avoid activity on marsh
surface where possible
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FIGQURE 22. Gound view of exposed
tidal flat on the Al aska Peninsul a.
C ans, polycheates. and burrow ng
crustaceans are conmDn macroorgan-
isms, but are commonly found in |ow
to noderate popul ations.

FIGURE 23. O ose-up view of
coarse-grained sediments on a
tidal flat near SKF-49. The
high mobility of sedinents
prohibits persistent accumu-
lation of oil.



FIGURE 24. Exposed tidal flats
front many coarse-grained sand and
m xed sand and gravel beaches.
This aerial view shows an exposed
tidal flat and spit conplex near
a mxed sand and gravel beach.

AT e by,
K .

FIGURE 25. Close-up view of
typi cal coarse-grained sand and
gravel sedinents found on exposed
tidal flats. O persistence
and biol ogical damage woul d be
mninmal in these areas.
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CRI TI CAL SPECI ES AND HABI TATS

The Environnmental Sensitivity Index (ESI) maps outline
the location of critical areas in the study area with re-
spect to oil spill inpact. Locati on of feeding and breeding
grounds of certain inportant species are also indicated.

This section presents four major groups of wildlife:
(1) marine mammal s, (2') marine birds, (3) finfish, and (4)
shel | fish. Summaries are given for mmjor species present
along with information concerning species distribution and

the effects of oil.



48

MARI NE MAMVALS

Resi dent Populations

« Har bor seal s (Phoca vitulina) - Year-round; 16 nmjor haulout
] . and pupping areas.
Northern sea lions (Eumatopias jubatus) - Year-round; five mjor haulout
and pupping areas.
* *Sea otters (Enhydra lutris) - Year-round; scattered.
Visitors
. Har bor por poi ses (Phocoena phocoena) Year -round; shallow bays and
estuari es.
s Dan porpoi ses (Phocoenoides dalli) April - Sept enber; deep bays.
M nke whal es (Balaenoptera acutorostrata) - (ccasional
*Hunpback whal es (Megaptera novaeangliae) - Qccasional
«Gray whal es (Eschrichtius robustus) - Qccasional .
.Killer whales (Orcinus orca) April to June; nearshore bays

and coastal waters.
Protection Status

+All protected by Marine Mammal Act of 1972
«*Protected by Endangered Species Act of 1973

Predi cted | npact

. Seal s

- Eye irritation (Geraci and Smith, 1976) i o i

- Already stressed seals (e.g., emaciated, late molting, captivity) may die
from additional stress of oil contam nation (Geraci and Smith, 1976)

- Preweaned pups, which have not yet developed insulating fat layers, nmay
have thermoregulatory Stress ) ]

- (reatest inpact may occur during pupping season, Wwhen stress is high and
preweaned pups are present

«Sea Oters
- Totally dependent on fur for thermal protection .
- Any contamnation may cause thernoregulatory stress, which can lead to death

« \WWhal es

Stress may occur through ingestion of oil-contaninated food, oil intake
through bl owhol es, eye irritation, and skin absorption

- Bal een whal es may have decreased feeding efficiency caused by natting of
hairs on baleen plates, reducing filtering capacity (0SIR, 1980)

Reconmended Response Measures

. Seal s
Hazing from haulout areas during nonbreeding status
Boom protection of pupping areas with mninimal human distarbance
«.Sea Qters
- Trapping and physical renoval

. WWhal es
- Hazing to change swinming pattern
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FIGURE 51. Diagram show ng the distribution of resident marine nmanmals
in the study area of shelikof Strait.

STELLAR
SEA LION

FI GURE 52. Sket ches of resident marine manmals which are found in the
Shel i kof Strait area.
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COASTAL MARI NE BI RDS

Resi dent Popul ati ons

«Pelagic Birds

.Diving Birds-species of spec:
-, Doubl e-crested cornorant
- Pel agi c cornorant
- Red-faced cornorant

«Waterfowl-species of speci al
- Enperor goose
- Greater scaup
- Eiders
- Stellar’s eider

- Harlequin duck
- add squaw

- Scoters
- Buffl eheads & gol deneyes

- Red-breasted nerganser

al concern:

Phalacrocorax auritus)

P. pelagicus)

B. urile)

concern .

Anser canaginus)
Aythya marila)
Sonateria sp.)
Polysticta stellari)

Hi strionics

hi strionics)

Clangula hyemalis)

Melanitta sps.)
Bucephala sps.)

(Mergus nerganser)

« Rapt ors- speci es of special concern:

- Bald eagle

- *Peregrine falcon
- Gyrfalcon

(Haliaeetus
leucocephalus)

(Falco peregrinus )

(F. rusticolus)

Shor ebi rds-speci es of speci.al concern:

- Black oystercatcher

«CQulls and Terns-species of special

- d aucous-w nged gull

- Mew gul |

- Bl ack-1egged kittiwake
- Arctic tern

- Aleutian tern

(Haenat opus bachmani)

concern:
(Larus glaucescens)
(L. canus)

(Rissa tridactyla)
(Sterna paradisaea)
(S. aleutica)

«Alcids-species of special concern:
- Common nurre Uis aalge)
- Thick-billed murre §. lomvia)
- Pigeon guillenot (Cépphus_columba)
- Parakeet auklet (Cyclorrhynchus
. psittacula)
- Horned puffin (Fratercula
__corniculata)

- Tufted puffin

Protection Status

«.Mgratory Bird Act
.Bald Eagle Protection Act

(Lunda cirrhata)

*Endangered Species Act of 1973

«Mgratory waterfow

regul ati ons

Year -round; offshore.

coastal .
coastal .
coastal .

Resi dent ;
Resi dent ;
Resi dent ;

Winters; coastal .
Resident; coastal.
Resi dent; coastal.
Wnters; coastal
of f shor e.

Resi dent ;
Wnters;
of f shor e.
Wnters;
Resi dent ;
mgration.
Nest i ng;

coastal .
coastal to

coastal .
coastal ;

m gration.

Year - round.. )
Nesting; mgration.
Resi dent .

Resident; intertidal.

coastal .
coastal .
of f shore.
of f shore.
of f shore.

Resi dent ;
Resi dent ;
Nest i ng;
Nest i ng;
Nest i ng;

Nest i ng;
Nest i ng;
Nest i ng;
of f shore.

of f shore,
of f shore.
coastal to

Nesting; offshore.

of f shore.
of f shor e.

Nest i ng;
Nesti ng;
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| npact

. Pel agi c Birds
- May becone contaminated at night when roosting on water
- May attenpt to feed in contam nated water
- Because of pelagic nature, birds dying fromoil contamination may sink
to bottom or nay be eaten
- Impact would be difficult to determne
.Diving Birds
- May dive or swminto oiled waters

- sometmes fOrm | arge feeding flocks - these would be especially
susceptible to mass oiling
«Wat er f ow

- Coastal species would be especially vulnerable _
- Emperor geese feed in sea grass flats, very shallow waters; may be oiled
in water, or rra¥ be deprived of access to Sea grass beds
0

~ Ducks

dive for od and are found in coastal or offshore waters: contam -

nation could result fromswinming in oiled water; they may land in oil-
cal med water for evening roost; they sometimes form large rafts which may

result

« Raptors

in massive oiling; they may dive through or surface in oiled water

- Bald eagles feed on fish and seabirds; they may capture oil-weakened sea-

bi rds

or contam nated fish for food

- Peregrine falcons and gyrfalcons feed on waterfow, shorebirds, and sea-

bi rds;

they are attracted to weakened birds; they may feed on oil-

contam nated prey

« Shor ebi rds
- May feed or roost on oil-contam nated beaches
- May ingest contam nated food
- May ingest oil when preening contaminated feathers

«Glls and Terns

- Form

large colonies on i sol ated islands or high cliffs when nesting

- My attenpt to feed in oil-contam nated water

- Ol on feathers can be transferred to eggs

- May roost in oiled water or on contam nated beaches
- May ingest oil when preening contamnated feathers

« Alcids

- Form | arge col onies

- If disturbed, will fly fromnests into water
- May attenpt to land Inoil-cal med water

- Escape behavior is to dive into water

- May feed in oiled water

Recomended Response Measures

e Hazing of birds from oiled water may be effective
e During nesting season:
- If still early in season, birds should be driven from rookeries and a watch
nei ntained to insure that they do not return
- If young in nests, attenpts should be nade to boom around col ony: however,

m nor

di sturbances may drive adults from the nests

& Hunan disturbance should be kept to m ninmm

e Aircraft

should not be operated over or near colonies
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COASTAL MARINE BIRDS
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FIGURE 53. Di agram showi ng the distribution of coastal
t he Shelikof Strait
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FI NFI SH

Resi dent Popul ati ons

. Chi nook sal non {Oncorhynchus )
___tsawytscha) - Spring and sunmer.
. Sockeye sal non (0. nerka) - Mid spring to Cctober.
« Pink sal non {O. gorbuscha) - Spring to fall.
Chum sal non (0. keta) - Spring to fall.
Coho sal mon (0. kisutch) - ?})rl ng to Novenber.
. St eel head trout (Salmo gairdneri) - Year-round; peaks occur

April-June (to sea) ,
Decenber-March (to fresh-
water) , My-Septenber (to
o _ freshwater) .

«Pacific Herring (Clupea harengus) - Early spring to late fall.

Protection Status

. Sal non
- Managed by State of Al aska and International Pacific Fisheries Conm ssion

¢ Trout
- Regulated by State Sport Law

«Pacific Herring
- Foreign fisheries

Predi cted | npact

« Sal mon
- All species susceptible during mgration runs
- Chum and pink utilize estuarine areas for egg-Iaying
- Chum and pink also susceptible at egg, alevin, and juvenile stages
- Homi ng nechani sns may be significantly affected by oil because they use
sensitive chemical cues

« Trout ) ) ) ) )
- Susceptible to inpact during mgration

«Pacific Herring
- Lay eggs on intertidal kelps and rockweeds
- Adults would be inpacted during nearshore egglaying process
- Eggs attached to algaes would be sensitive to oiling
- Larvae remaining in hatching area would also be sensitive to oiling

« Genera
- Fish are sensitive to contamination from oil
- Studies on eggs, larvae, and adults have been wel|-docunmented (Kuhnhold,
1972; Lachotowich et al., 1977; Rice_et_al., 1977;andothers)

Recommended Response Measures

<O | shculd be deflected away from major fish runs _
Openwat er skimers with paravanes should be used to renove oil before it
strikes fish run areas
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FIGURE 55. Diagram showing the distribution of anadronmous fish along
Shelikof Strait.
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FIGURE 56. Sketches depicting anadronpus fish along Shelikof Strait.
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SHELLFI SH

Resi dent Popul ati ons

«King crab (Paralithodes cantschatica) - Year-round.
« Snow and tanner crabs (Chionectes sps.) - Year-round.
. Dungeness Crabs (Cancer nmmgi ster) - Year-round

Razor cl ans (Sili?ua patula, S. alta) - Year-round
e Bl ue nussels (Mytilus~edilus) — - Year-round.

Protection Status

« Hi gh commercial value
«Regul ated by State of Al aska

Predi cted | npact

«King crabs
- May be susceptible to oil in water columm cluing planktonic Stages
- Juveniles are found in shallow, nearshore and intertidal waters
- Oten form “pods” of several thousand and would be highly susceptible
i f “pOdS” wer e In extremely shallow water

. Tanner crabs

- Planktonic stages would be nost susceptible to oil contam nation

Dungeness crabs
- Those found in intertidal zone would be susceptible to oiling

« Razor clams
- Inhabit exposed tidal flats; oil on exposed sand during low tide would
fl ow down burrows and may be ingested by clans

- gtressed clams nove to surface, becoming nore exposed to oil and pre-
ation

- Planktonic stages would be exposed to oil in water colum
- Hgh nortalities have been observed in several tidal flat oil spills
(Blumer et_al., 1970; Hess, 1978)

Bl ue nussel s
- Extensive beds were found throughout shelikof Strait, either on
rocky shores or in protected tidal flats
- Inpact to nussels on protected tidal flats would be extensive
- Mussels on protected rocky shores would also be inpacted extensively
«Death by asphyxiation or ingestionis likely

Recommended Response Measures

«Renoval of oil fromwater surface by openwater skimers
«Boom protection of sheltered tidal flats
«H gh and low pressure spraying may renmove heavy oil accumul ations
- Though this would inpact organisns present, it would prepare the
substrate for future recol onization
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Critical Intertidal Habitats

The shoreline habitats that rank highest on the ESI are
salt marshes (10) , sheltered tidal flats (9) , and sheltered
rocky shores (8). Therefore, these areas should receive the
hi ghest priority for protection in the event of an oil
spill. Tidal flats are ranked |ower (ESI=5, 7) on the in-
dex, dependent upon the density of the biomass present. The
popul ati on nunbers of biological comunities are strongly

controll ed by exposure to wave and current activities.

Salt Marshes

Salt marshes conprise only a small portion of shoreline
in the study area. The marshes encountered in the Shelikof
Strait were of two varieties: (1) small marshes with well-
defined tidal creeks, and (2) larger, laterally expansive,
fringing marshes associated with sheltered tidal flats and
del t as.

Salt marshes are considered the nost sensitive habitat
because | ong-term bi ol ogi cal damage can result after oiling,
especially where oil penetrates the roots of narsh plants
and kills new growh, inhibits gas exchange, and/or alters
sediment/microbial rel ati onships. These effects may have a
long duration (in sone cases exceeding ten years) , espe-
cially followwng multiple spillages of oil (Baker, 1971;

Gundlach and Hayes, 1978b) .
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Sheltered Tidal Flats

Sheltered tidal flats found in Shelikof Strait are
dom nant at bay heads and are well-protected from extrene
wave activity. They are usually conposed of fine-grained
materials but can range up to m xed sand and gravel in com
posi tion. These areas may have a |arge nunber of aninals.
Many species of clans inhabit the tidal flat (e.g., at one
station over 250 butter clams/m2 were observed) . When in-
undated, these flats support a variety of benthic and nek-
tonic organisnms such as crabs and demersal fish. Duri ng
exposed periods, marine birds utilize the sheltered, tidal
flat environnents for foraging and resting.

Short-term or toxic effects of an oil spill on a tidal
flat depend upon the duration of oil on the flat and its
toxicity. Long-term or chronic effects are controlled by
the binding of petroleum fractions wthin the sedinent. In
sheltered tidal flats, sedinents may renmain oiled for years

and thus del ay recol oni zati on.

Shel t ered Rocky Shores

Sheltered rocky shores are quite prom nent throughout
the study area, particularly in the back bay areas of the
Kodi ak Archi pel ago. These environnments are dom nantly shel -
tered from wave activity; however, occasional stornms gener-
ate enough energy to periodically erode and transport |arge
boul ders and gravel present in these areas.

Sheltered rocky shores are ranked an 8 on the ESI scale

because oil persistence would be great and biol ogi cal damage
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woul d be severe in the event of oil spill inpact. These
environments host a high plant biomass and high species
conposition, diversity, and density. Barnacl es, littorine
snails, and nussels are comon throughout the intertida

zone. Rich underrock and tide pool communities are also

present.

Critical Subtidal Habitats
The ESI concentrates primarily on intertidal habitats;
however, certain critical subtidal habitats are discussed.

Particularly inportant areas are nearshore subtidal habitats
whi ch include seagrass beds and kelp (Figure 59; from Sears

and Zi nmmrer man, 1977) .

Near shore Subt idal Habitats

Nunmerous types of nearshore habitats are |ocated
adjacent to the intertidal habitats of Shelikof Strait.
Habitats are controlled primarily by substrate which my
i ncl ude bedrock, gravel, sand, and nud. The subtidal sub-
strate type may differ radically from the adjacent inter-
tidal areas.

The functions of subtidal habitats vary considerably;
however, sonme of the nore inportant ones are:

1) Plant production.

2) Nursery areas for nunerous species of fish

(e.g., salmon, rockfish, greenling, and flat-
fish) and commercially inportant crustaceans

(e.g., king, tanner, and dungeness crabs).
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3) Forage areas for diving ducks (e. g., scoters

and old squaw) and adults of several commer-
cially inportant crab species.

The deposition of oil in nearshore subtidal areas has
been observed at several major oil spills, nost notably the
AMOCO cCaDpIz (D'Ozouville et al., 1979) . Avoi dance by
| arger, nore nobile organisns inhabiting these areas would
reduce the inpact of bottomoil . However, sessile or larva
organi sns are sensitive to such inpact. Resulting nortal -
ities would be difficult to determne since the fate of the
carcasses woul d be unknown. Recovery of an inpacted habitat
is related to the rate of renoval of oil from the substrate
and the ability of the subtidal organisnms to recolonize
I npacted areas. Unfortunately, no nethods are avail able at

present to directly protect these areas.

Seagr ass Beds

Eel grass (Zostera nmarina) assenblages typically occur

on protected, Jlower intertidal and subtidal, soft sub-

strates; and surf grass (Phyllospadix scouleri) assenbl ages

occur in sedinent deposits on exposed, lower intertidal and
subtidal, rock substrates. Both types of plants are re-
ported to have high primary productivity, and extensive beds
can contribute significant quantities of plant material to
intertidal and nearshore biological assenblages, and m gra-
tory birds such as black brant (Phillips, 1974). In addi -

tion, sea grasses provide inportant nursery areas for num-
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erous fish, such as salnobn and flatfish, and stabilize soft
sedi ment s.

McRoy (1968) sunmarized the location of nunerous eel-
grass beds in Al aska, but noted only three on the Kodiak
Ar chi pel ago. Nybakken (1969) noted additional beds in Three
Sai nts Bay. During this survey, nunerous additional eel-
grass beds were observed along the west side of Shuyak,
Af ognak, and Kodiak Islands; the largest of these beds was
in Alitak Lagoon, north of Cape Alitak. The renmmining beds,
located mainly on tidal flats at the heads of bays, were
smal | .

Sea grasses are true grasses rather than seaweeds.
Thus , lacking a protective nucilaginous coating, they are
susceptible to short-term effects from the inpact of oil
(Straughan, 1971; Diaz-Piferrer, 1962). However, if the
sedinents in which these plants root are not contam nated by
oil, sea grasses are probably fairly resistant to long-term

ef fects.

Kel p Beds

Rocky nearshore areas bordering Shelikof Strait appear

to support large stands of canopy-formng and understory

kel p. The nmmjor canopy-forming species are bull kelp
(Nereocystis leutkeana) and a large, ri bbon-1ike kel p
(Alaria fistulosa) . The mjor noncanopy species are
Lam nari a. Such beds can exhibit high annual rates of

primary production on a unit area basis (Mann, 1972; Lees

and Driskell, 1980; Lees et al., 1980).
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Associated with the kelp beds are rich assenbl ages of
in faunal and epifaunal invertebrates and demersal fish.
Common conponents are sea urchins, starfish, snails, hermt
crabs, hydroids, bryozoans, tunicates, rockfish, and green-
ling- (Lees and Driskell, 1980; Lees et al., 1980). Kelp in
Shelikof Strait probably would exhibit a noderate tolerance
to oiling as a consequence of a nucilaginous |ayer coating
nost of the surface of the plants. Such tol erance to crude

oil has been reported from nunerous sites (Nelson-Smth,

1973)
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DI SCUSSI ON OF HABI TATS W TH VARI ABLE TO SLI GHT SENSI TI VI TY

I ntroduction

In addition to the highly sensitive habitats previously
di scussed, a wide range of additional habitats exists within
Shelikof Strait. Rocky shores and beaches of various types
show a wide range of sensitivity, depending primarily upon
the degree of exposure of the habitat to wave action and

tidal currents.

Exposed Rocky Shores

This habitat is subdivided into shores dom nated by
bedrock and boul ders (ESI=1, 2). Al types contain a solid
substrate which provides attachment surfaces and, in many
cases, crevices or underrock areas for mcrohabitats.

The dominant plant in the rocky, md-intertidal zone is

rockweed (Fucus distichus). Several other brown and red

algae are also abundant. In the lower intertidal zones,
Laninaria or kelp are dom nant. Rockweed and kelp form
dense mats of vegetation, which with crevices and undersides
of rocks form an extensive shelter for small animals. Star-
fish, snails, barnacles, linpets, and nussels are conmon.
Plants al so provide protection from extrene tenperatures and
desi ccati on. Therefore, attached plants provide shelter,
forage, and nursery value critical to rocky shore organisns.
Tide pools are a particularly sensitive portion of the
rocky shore, especially if located in the upper intertidal

zone. QG l-induced nortality could occur because of smoth-
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ering or toxicity. Surface sheens may also block gas ex-
change. In this manner, a small spill in a tide pool may
result in a localized die-off.

Many rocky shores attract marine birds and nmammals for
feeding or breeding. Avoidance nay prevent oiling, but dur-
ing nesting or pupping, Oiling may lead to the death of eggs
or young. Birds nesting on nearby cliffs nay be attracted
to feed on oiled rocky shores, thereby fouling their breast
feathers and possibly their eggs. Mamuals and birds feeding
in oiled areas should be hazed due to the potential harm

fromingesting oiled food itens.

Beaches

Four beach types are defined in the ESI for this study
area Wth fine/medium-grained sand beaches along exposed
rocky shores being |east sensitive (ESI=3), and coarse-
grained sand (ESI=4) , nmixed sand and gravel (ESI=6), and

pure gravel beaches (ESI=7) with stable sedinments bei ng nost

sensitive.

Sedi ment size controls noisture and oxygen content of
beaches, thereby influencing the abundance and distribution
of plants and ani nals. Gravel and very coarse-grained sand
fail to hold enough water to support abundant infauna, bio-
mass, and diversity. Sand and m xed sand and gravel beaches
afford sonme substrate suitable for burrow ng organisnms, but
support only limted comunities. In general, beaches are

ranked |l ow in standing stock biomass and diversity.
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The sparse biological community found at nost beaches
may be subject to only a brief exposure to oil, especially
on exposed beaches. Even if extensive nortality occurs, the

readily cleansed substrate may recol onize wthin a year

Exposed Tidal Flats

The exposed tidal flats identified in Shelikof Strait
are associated with deltas or are |ocated seaward of sand or
m xed sand and gravel beaches. Substrate is commonly gravel
but may vary to coarse-grained sand and silt.

Exposed tidal flats are ranked at two levels in the in-
dex (esi=5 and 7a). The lower classification (ESI=5) is
applied to tidal flats exposed to high wave and current con-
ditions, possessing a variable range of species diversity
and density as well as |ow population |evels. The hi gher
classification (ESI=7a) is given to exposed flats (simlar
species diversity and density as ESI=5) possessing increased
popul ati on |evels. The differences in population |evels
appear to be directly related to substrate type and nobility
as well as variances in wave and current enerqgies. In ei-
ther case, persistence of oil would be low to noderate.

Bi ol ogi cal damage would vary with type and nunber of species

present.
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AREAS OF SOCI CECONOM C | MPORTANCE

Soci oecononmic information is included as part of the
ES | so that areas of crucial inportance to local coasta
comunities are identified for protection. Subsi st ence
ar eas, m ning clains, private property, ar chaeol ogi cal
sites, and coastal access areas are soci oecononic paraneters

identified for shelikof Strait.

M ning Claims

M ning clains, mneral surveys, offshore mning clains,
and prospecting |ease areas having isolated clains are dis-
pl ayed as discrete sights. Areas having nunerous clains
abutting each other are designated en masse as a group claim
or survey. The display of mneral sites is dependent upon
the source used to map the claim |ocation. No | aw exists
requiring a mneral claimant to advise the United States of
his or her mneral |ocation. However, the recording of mn-
eral clains is required under Al aska state |aw

Shoreline clainms are inportant for consideration during
a spill. For exanple, contam nation of the supertidal zone
could pronpt the decision for renoval of contam nated sedi-
ment s. If the decision maker was not aware of the claim
status, valuable mneral-bearing sedinents could be dis-
posed of inadvertently, causing additional litigation prob-

| ens.



69

Private Property

Private property (including native allocations) , tinber
and tidal |eases, honesteads, and cabin sites are considered
under this heading. Movenent of manpower on these | ands
should not necessarily be prohibited for the purpose of
reconnai ssance. However, in sone cases, prior notice for
reconnai ssance should be given, and perm ssion obtained.
Noti ce of cleanup operations to the owner is proper action

in all cases.

Public Property

Public properties, including federal (also mlitary
lands) , state, rmunicipalities, boroughs, and interagency
| ands, are indicated on the maps. Spills on these proper-

ties would involve i mediate contact of the appropriate per-

sonnel in the governi ng body affected.

Archaeol ogical Sites

Archaeol ogi cal, prehistoric, and historic sites are of
prime inportance during a spill. Prior know edge of the
site location would elimnate m staken excavation, tr amp-
ling, or destruction of the locale or artifact. If it is
suspected that a site has been oiled, the state historical
soci ety should be contacted before oil renoval operations

proceed.
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Access Areas

Access  points, including docks, har bor s, | andi ng
strips, roads, and trails leading to the coastal areas, are
graphically presented on the naps. These are of concern
when noving workers or materials to the spill site wth

maxi mum ef fi ci ency.

In conclusion, the ESI naps are designed so that nod-
ifications and additions may be applied as necessary. Much
of the Alaska land status information is in constant transi-
tion. It is suggested that wupdating of the maps should
occur annually until the land status information is consid-

ered firm
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APPL| CATI ON OF THE ESI

I ntroduction

The ESI is designed to be used as an integral conponent
of Alaska's overall, oil-spill contingency plan. The geo-
nor phi ¢, ecol ogi cal, and soci oeconom ¢ infornmation presented
in this text is synthesized onto 40 ESI nmaps which are pre-
sented in Appendix |IW The maps, used in conjunction with
the text, provide the on-scene coordinator (0SC) with
“fingertip” resource information to aid in extrenely conpl ex
strategic and protection decisions, which nust be made

rapidly under spill conditions.

Ceneral Protection Strategies

In the event of a mmjor oil spill, protection strat-
egies nust concentrate the limted equi prment and nanpower
available to rapidly and effectively protect the nost sen-
sitive environnents, In this discussion, defense strategies
will be presented separately for exposed and sheltered

environnents in Shelikof Strait (Fig. 60)

Exposed Areas

Much of the shoreline in Shelikof Strait is directly
exposed to strong wave and tidal energies. This fact, cou-
pled with the characteristics of a geologically immture
shoreline, provide the framework for the follow ng genera

protection strategies.
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H gher energy environnents (ESI=1 through 5) generally
do not suffer long-term persistence of oil. \Waves reflect-
ing off exposed rock scarps tend to hold oil offshore. In
areas where oil does deposit, subsequent wave action tends
to quickly renove it. For exanple, Dark Island (located in
t he northern Kodi ak Archipel ago) hosts a variety of environ-
nents ranging from an exposed rocky headland (ESI=1l) to a
sheltered rocky headl and (ESI=8) . Limted equipnent and
manpower would be focused best on protection of the shel-
tered rocky shore where biological danmage would be severe
and oil would persist for years. The exposed rocky headl and
woul d receive mninmal biological danage, and oil would be
removed naturally in a short tinme.

Unfortunately, the extrenme tidal range and typical sea
conditions of Shelikof Strait do not facilitate the use of
common nechani cal protection techiques (i.e., boons, skim
ners) . \Wierever possible, inlets opening to sheltered envi-
ronments shoul d be closed by infilling (indicated on maps)
Hazi ng techniques may be used to keep certain species of
wildlife, particularly birds, away from oil-inpacted areas.
Al t hough controversial, the use of chemcal dispersants
should not be ruled out as a viable aid to conventional pro-

tection techniques.

Shel t ered Areas

Unli ke the environnents described in the precedi ng sec-
tion, the coastal environnments |ocated in sheltered areas

(EsI=8 through 10) are not exposed to high wave energy.
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Consequently, rich biological comunities are present and
there is longer-termoil persistence. These areas, shown in
Figure 60, are distributed throughout the study area and re-
gui re special protection consideration.

Extreme tidal range prohibits the use of nany conven-
tional protection techniques in sheltered areas. However ,
sea state is usually nmuch calnmer in the back bay waters, and
the use of offshore contai nnent boons and seagoi ng ski nmers
may be feasible. The few inlets present in these areas can-
not be effectively booned, but closure by infilling may be
practical for protecting smaller, sheltered tidal flats and
mar shes.

Further, the ESI maps indicate the areas nost likely to
be damaged by oil; they do not outline specific protection
strat egi es. To prepare a truly effective spill response
program priority protection areas should be designated by
the regional response team (RRT). Once designated, detailed
studies (including bathynmetric and hydrographic surveys)
shoul d be conducted to determ ne specific defense strategies
for protection.

In developing oil spill response plans, it is inportant
to deci de cl eanup approaches before spill occurrences in or-
der to give the 0SC guidance. Priorities for cleanup of
recreational areas should be determ ned beforehand. Duri ng
the IXTOX | oil spill in Texas, the scientific-support com
munity recommended that beach cleanup be limted to recrea-

tional areas and not be extended to the other 200 km of un-
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i nhabi t ed shoreline. | f recommendations such as these were
deci ded beforehand for particular segnents of shoreline
(e.g., subsistence areas) , response to a mgjor spill would
be quicker and nore organized. d eanup equi pnent could then
be planned for and stockpiled at critical habitats.

Finally, it is recommended that the ESI maps be updated
periodically. Soci oeconom ¢, geonorphic, and biologica
considerations will alter as Al aska's coastal zone devel ops,

and t hese changes shoul d be noted.
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W NDS
Data on wind speed and direction of approach for Shel -
i kof Strait. Wnds in the study area are characterized by

variabl e velocities and approach direction with only a weak,

seasonal pattern energing. In winter, dom nant approach is
from the west, swinging northerly until late spring. Ap-
proach is then weak easterly and southerly until late fall,
but these patterns are especially indistinct. The winds in

this area are dictated by storm activity noving into the
@l f of Aaska, and probably are funneled through the

strait. Data from AEIDC, NCC (1977a, D).

DIRECTION FREQUENCY TOP SCALE: BARS REPRESENT PERCENT FREQUEMCY OF WINDS OBSERVED FROM EACH
DIRECTION. SPEEDFREQUENCY BOTTOM SCALE: PRINTEDFIGURES REPRESENT PERCENT FREOUENCY OF WIND
SPEEDS OBSERVED FROM EACH DIRECTION.
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WAVES

Wave height and approach direction data for the Shel-
i kof Strait region. Strong trends are not present in these
dat a; however, general approach dom nance is fromthe south-
easterly quadrant in the sunmer. Winter waves approach nost
commonly from the east-northeast and west. Easterly waves
are probably generated by stornms which nove up | ow pressure
troughs and stagnate in the Glf of A aska (Nummedal and
St ephen, 1976). Westerly waves are probably also storm-
generated, as wave height nmaxinma are associated with this

approach direction. Data from AEIDC, NCC (1977a, b).

DIRECTION FREQUENCY TOP SCALE: BARS REPRESENT PERCENT FREQUENCY OF WAVES FROM EACH DIRECTION.
HEIGHT FREQUENCY BOTTOMSCALE:PRINTED FIGURES REPRESENT PRECENTPERCENTFIGURES FREQUENCY

OF WAVE HEIGHTS OBSERVED FROM EACH DIRECTJON.
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WAVE HEIGHT AND APPROACH

88

FEB

¢ —
£ 2 7 7
-
-
< o
ZREE B
 —
a »-m:_.—_ . .
Nt
roanrn iyar e . -
h-
NE- . 1 - -
s N
Stopmmm )
S !
Semem |
" -
N . . .
"
ca ™
INDE T
1o1aLs 4 47 ' ER
1UE 3 ek
HWAVE HEJGHY |
Copoansle ag a € oo e 0 a0 shen e
x - -
- . —
‘ © —
-_—
]
- -
. -, —
= i -




89

TI DAL CURVES

Maxi mum predi cted, daily, spring tidal curves for vari-
ous locations in the study area. Maxi mum pr edi cted, high-
tide levels (in neters above mean sea level) are shown for
selected areas in circles. Al tides are semidiurnal m xed.
The Al aska Peninsula side of Shelikof Strait is character-
i zed by a higher tidal range (6.0-6.5 m 19.7-21.14 ft) than
nort hwest ern Kodi ak and Afognak |slands on the opposite side

(4.0-4.7 m 13.2-23.0 ft). Data from AEIDC, NCC (1977a, D).
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LOW PRESSURE CENTER MOVEMENTS

Low pressure center novenent roses for the study area
and expected storm tracks for the ice-free season (Muy to
Novenber) . Storns generally originate from the southwest-
erly quadrant for all areas and are nore comon during the
later part of the season before freeze-up. Most maj or
storns track into the Gulf of Alaska with a few splaying off
toward the eastern Bering Sea coast in sumer and fall.

Data from AEIDC, NCC (1977a, D).
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SKF-1:

SKF-2

SKF-3:

SKF-4:

Located on western shoreline of park 1siand: this station is a very small, elastic, pocket beach perched on a
wave-cut platform cut into granodiorite bedrock mixed Wwth green schi st . The upper portion aff the profile has a
grassy knoll covered with a thin soil profile approximtely L mthick. Next is a small scarp 20-50 cm high which
extends to the beach face. At the top of the beach face is a narrow zone of coarse cobbles and gravel which are
very poorly sorted with mixed fine to medium gravel. At the base of the upper beach face, this zone intersects the
rock platform which is covered with boul ders and cobbles. The boul ders and cobbles represent a thin veneer perched
on top of the rock platform The central portion of the beach is occupied bz out croppi ng bedrock, and the | ower
portion has fairly uniform very coarse gravel to cobbles one or two |ayers thick, covered by a fairly thick growh
of fucus and extrenely abundant littorina.

The general biological setting is a wave-cut platform zonation is divided into terrestrial vegetation, a wrack, a
lower to middle intertidal zone, and a lower to subtidal area. Organisns in the debris consisted mainly of
Nereocystis, and the lower intertidal was domi nated by Fucus and G gartina. The animals were yLittorina, Mytilus

edulis, Balanus cariosus, Balanus glandula, Odonthalia, and sone |ight popul ati ons of anphipods. The same community
graded further down to the subtidal. Some of the subtidal organi sms included Macrocystis, Nereocystis, and Alaria.

Located on the inner portion of Carry Inlet on Afognak Island, this station is a well-devel oped sand and gravel
pocket beach. The back portion of the profile has a small |ake, actually a very large washover pond that has  been
dammed by a heavily vegetated, storm berm Associated with this bermare logs and wack. Trees at the top of the
stormbermindicate that it may not have been washed over for sone 20-50 years. There is very strong evidence of
tectonic downwarp on this particular beach. A series of trees to either side of the pocket are all standing dead.
Root systems are Intact and ace in life position on the wupper portion of the beach face indicating tectonic
downwar p. The stormbermis about 30 mwide. At the top of the profile is a nornmal spring high swashline. Mving
along the profile, the beach face gradually flattens out and is conposed of nostly fine gravel and sand. At the
lower portion of the beach face near the water line, the sedinment coarsens to fine and medium gravel, fairly
wel | -sorted, and continues offshore.

The general biological setting is one of a rather depauperate beach with a low intertidal Fucus zone Which is
scattered over Little rocky outcrops. Ecol ogi cal zones consist of two very sparse communities. e is a wack
debris and terrestrial vegetation zone above an old storm swash |ine and the other is a Fucus zone. Epifauna in the
Fucus zone included Mytilus, Balanus cariosus, Littorina, and anphipods; infauna found were Mya arenaria.

This station faces the open Shelikof Strait. The waves are currently approaching fromthe northwest and are about
20-30 cm high. However, this area is occasionally subject to very large storm waves. There is a nicely devel oped,
veget ated storm berm covered with a heavy accunul ati on of spruce |ogs. Bel ow that are a series of neap berms of
sand and gravel, then a small, irregular cuspate berm with sand patches on the middle portion of the beach face.
There are about five separate swashlines of fucus. The beach face is quite steep, conposed of nostly fine,
wel |-rounded gravel and fine to nediumsand. There are two large rock headl ands on either side of it. Each has
large boulders and so forth in front of themand are covered with fucus.

This station has two apparent zones; one being a wack doninated by deconposing Macrocystis at the storm high-tide
swash. nrerous flying insects were associated with the wrack. The second zone is a Fucus Or rockweed zone Wi th
increased density to either side of the pocket beach. In the rockweed zone are nNuUMerous Balanus cariosus, Mytilus
edilus, Odonthalia (all with high densities), and numerous Balanus glandula. Also noted offshore are the presence

ot scattered Macrocystis~Nereocys tis beds

Located on a snmall, unnamed island at the head of Red Fox Bay in the Shuyak/Kodiak Strait. This is a bird rookery;
nesting sites are on the top of the island in the grassy area. A small soil profile is associated with the grassy
zone located on top of bedrock which appears to be highly fractured granodiorite. The profile runs across the zone
ot exposed rock which is covered with black |ichens, and goes across the zone of fucus, then straight down a fairly
shear drop to the water. There is little to indicate high wae energy in this _area. There are sonme scattered
boulders and so forth on top of it, but it is donminantly a bedrock island. This particular side of the island 1S
shel t er ed. Wave energy is very low and right now, there are no waves at all.

g=s



SKF-5:

SKF-6:

SKF-7:

SKF~-8:

This is a sheltered, rocky-shore habitat with a glaucous-winged qull col ony. The two intertidal zones are the
Fucus oOr rockweed zone, and the subtidal laminarian zone. These have very abundant Mytilus, |inpets, Balanus, and
Littorina. L AL AL balanus

Located near a small stream on Afognak I|sland, facing theopen Shelikof Strait. There is a |lot of sand, presunably
conmng from the stream Again the indication of downwarp - a lot of dead trees at the top of the beach face in life
posi tion. The beach face sedinent is about 90-95 percent sand - the rest being a mx of nostly fine to medium
gravel . This area is a minor sand and gravel delta with a fairly steep beach face. There is a scarp that is
probably 1.5 m high on one side. \Wave energy right nowis very |ow (about 30 cmhigh with a 6-7 second period), but
this area is obviously subject to fairly large waves occasionally.

A freshwater stream has its nmouth at this point. This is a very lowdiversity, |ow bionmss beach. Few organi sns
occur except where larger rock outcrops appear which have attached rockweed. Three sea otters were observed in this
ar ea.

Faci ng Foul Bay from Chugach Island, this station is a very narrow pocket beach probably not mre than 50-60 m wi de,
backed by a | ow rock scarp. The scarp is about 50 percent vegetated with grasses and trees, and is very steep

(80-900) . Seaward is a gravel rubble pile of angular to subangular, mxed gravel and boul ders. One corner of this
pocket beach is fine-grained sand. The lower two thirds of the profile is domnated by fine and medium  highly
angular gravel on a fine-grained sand matrix. It is about 50 percent gravel and 50 percent sand, and coarsens

toward the waterline.

A smal |l pocket beach which consists of coarse naterial, mainly cobbles, gravel, and sand. The station is at the

base of a rock cliff. There appear to be two zonations, both very low in diversity and bionass; the
wrack-associated zone and the lower intertidal zone. The wrack zone consists of decaying Fucus. Also seen were
flies and beetles. The second zone at the water line consisted of Littorina, anphi pods, Linpets, and Mytilus in

| ow nunbers.

This station is located on a spit conplex adjacent to Ban |Island. There is a sand flat in front of it wth a

lowtide terrace with sonme algae growing on it. It has a steep sand and gravel beach face with very nicely rounded,
medium to coarse gravel on sand. The top portion of the spit is heavily vegetated with grasses and sonme small
trees, There is a large accunul ation of spruce |ogs on the crest of this spit. The exposed side starts at the top

of the log accunulation - there is a |ot of gravel and one very well-devel oped berm The beach is broad and steep,
composed of well-sorted gravel, which is very very well-rounded. There are sone little sand stringers at the base,
an apparent result of an attenpt of the beach to Eorm a cuspate berm The beach has a steep, very high wave energy
beach face. The back portion has much |ower wave energy, is not as steep, not as well-sorted, not as much gravel.
The lower part is pure gravel; the upper half is sand and gravel.

Where there are rocky outcrops, there are Fucus areas and green filamentous algae. Beach wrack is [lightly
scattered. There would he only one zone at the tower intertidal where anphi pods or bivalves would be found as
burrowing infauna. The green filamentous algae is also on the rocks at the water |ine and probably constitutes the

hi ghest bi omass seen on this beach. When we flew in, there were nunmerous water fowl on this beach.

This profile is located on an exposed section of shoreline facing Paramanof beneath a rapidly eroding nountain side
with some large landslides. There is one mmjor slide tongue which projects down to the shoreline and has a Large

scarp cut into it. It was first thought to be till because it is nostly clay and sand, but there are a ot _of
boulders in it too. The deposit is being fragmented and wi nnowed at the shoreline. There is a boul der accunul ation
at the base of the |andslide. The profile was run adjacent to this accumnul ation. At the base of the wall, which is

partly vegetated and has soil profiles and shear areas here and there, is a very poorly sorted beach face conposed
of large boul ders one and a half to two neters across, mixed with nostly cobbles and small boulders 30-40 cm and
resting on a matrix of coarse-grainedsandand gravel. A lot of the larger rocks have quite a nunber of barnacles On
them. The barnacles are located on little suture lines and breaks in the rocks where they can survive inpact by
gravel being thrown around by the wave energy at high tide. On the lower portion of the beach face, there 1s one
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rock type that is conpletely coated with Mytilus, a nussel, and will appear black in the photographs. They may look
like black boulders in the photographs because this area is conpletely coated with nussels. Wave energy is quite
high, 40-50 cm right now and from the northeast. The beach is a very poorly sorted mixture of boulders and cobbles
on sand and gravel, and is obviously perched on a bedrock platform which is buried underneath the veneer and does
not outcrop anywhere on the beach face.

This transect extends through a nunber OFf zones including a Maawacroéysti§~vea~6f shore. It is a high energy area with
freshwat er influence from behind and a number of waterfal [5% The zonation is spread out; the Balanus zone being
wide, and the Fucus zone being rather narrow. The upper zone iS comprised of a Balanus cariosus-Mytilus zone and
then there 1is a lower intertidal zone with nore of a subtidal associ ation. The Balanus-Mytilus zone is influenced

by the presence of freshwater runoff. The Mytilus and B. cariosus are extremely dense. The Tower zone consists of
Ent er onor pha, Laminaria, Alaria, Halasaccion, and other red and brown al gae. Cenerally, it is a mxed Fucus and

Iamanarian zone, This zone continues out toward the subtidal laminarian zone and then into a Nereocystis bed
of f shore.

This station is |ocated on afognak Island and fronts a well-devel oped till scarp 15-20 m hi gh. There is a broad,
steeply sloping, high energy beach face beneath it. The gravel on the upper part of the beach face is well-rounded,
nmostly boulders with a thick matrix of sand and fine gravel. The lower portion of the beach face at the waterline
is all very coarse gravel, cobbl es, and boul ders - well-rounded and covered with green filamentous al gae. Wave
energy is quite high, and there is a very nice sorting of beach material. The niddle portion of the beach is
dominated by nuch coarser cobbles and boulders. This is one of the few areas where there is till material on the
Afognak | sl and section of our study area. This is a long, broad pocket beach; it is probably about 1.5 km wide. It
faces the open Shelikof waves. Evidently the glacier was between the two major peaks behind us, leaving a valley

till.

A very exposed, coarse-boul der beach covered with green filamentous al gae. There is al so sone degree of freshwater
runof f. Large nunbers of Littorina are present. The depauperate nature of the beach is due to the high wave energy
at this station. There is one boulder zone which has a band of green filamentous algae on the exposed su~face.
Littorina occur around the base and in the cracks, which are areas of |ow kinetic energy.

This station is Located on the inner northern shoreline of Malina Bay; a very sheltered, poorly sorted pocket beach.

Again, there is strong indication of tectonic downwarp. Mst of this inner portion of the bay has a narrow string
of dead trees behind it. The profile is set up on a small spit enclosing a little stream which has evidently
supplied quite a bit of fairly fine material and gravel to this area. There is a grassy vegetated hill directly
behind the profile; in front of that is a narrow marsh. The marsh grass is about 20 cm high, and al nost every stalk
has been nipped off at the top by grazing deer. In front of that it slopes down a little nore steeply onto a nud
frat with superficial gravel and a |ot of subsurface gravel; it is quite difficult to dig in and is probably about
30 percent gravel, 30 percent sand, and 30 percent nmud. Sonme of the nud is organic. The marsh is fairly flat.
There is a little bit of ponded water behind the marsh, like a |agoon. Its mud floor is similar to a tidal flat
section. The spit has a steep slip face, a tittle berm and a nedi umsteep beach face conposed of fine to medium,
extrenely angular gravel on a sand substrate. The water Line is a nixture of sand, nud, and gravel; again very

similar to the lagoon. There are indications of very |low wave energy here (i.e., extrenely poorly developed neap
berns, sone floatsom, sone swashlines, and mad)

Located on a small island in the inner portion of Malina Bay, this station is a bird rookery. There are quite a few
nests Wwith eggs in them perched on a bedrock island with a soil veneer and very thick dense grass and alders onit.
1t is protected and very sheer, clean bedrock that drops alnpst vertically into the water. Very clear biological
zonation ts evident on the rocks from the grass surface on the top through terrestrial |ichens into a barnacle 1line,
a nussel and fucus zone, and into nostly fucus at the base. There are probably a few nbre zones subtidally, but it
is essentially a typical, protected or sheltered rocky headl and. There are approximately 300-400 gqulls in the area.

A bald eagle nest with one eagle was noted along the river about 100 m from the beach. acolony of glaucous-winged
qulls was located on the cliffs. Approximately 6 to 12 otters were observed.
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This station is located on a very exposed section of the coast, open to the waves of Shelikof Strait. There is a

small streamthat enters here, supplying a fine angular, rock fragnent sand. The big feature of this particular
area is that the beach is very wide. It has an extrenely well-developed, high storm berm that is totally covered by
spruce |ogs. There is a small scarp in front of it about 30-40 cm high down to the normal, high berm which is about
50 cm wi de. It is predominantly fine- to coarse-grained sand and nmi xed Eine to nedium gravel. In the niddl e of the
active beach face is a nicely developed sand bermwith a series of small gravel neap berms below that. There are
some sand stringers where the beach is trying to forma cuspate berm  Scattered here and there are smll sand
pat ches. The dominant sedinent is sand (90%); the rest is a mx of nmostly nedium gravel 10-15 cm across and
wel | - rounded.

There are two zones: (1) a terrestrial vegetation zone and (2) a series of burrows (organi sns unknown) at about the

lowtide terrace. Talitridae amﬁhipods were found at the last high-tide swash. King crabs were noted near shore,
indicating that the area has fishery val ue.

Located on Dol phin Point and the Raspberry Strait, this area is conposed of narrow, rocky headl ands and very small,
gravel pocket beaches. This little pocket beach is nostly fine to medium gravel on a sand matrix, fairly
wel | -sorted because of high wave energy that comes up the strait in the winter. The rock headl ands on either side
have a thick-zoned vegetation. Dependi ng on wave approach, these pocket beaches sonetimes coarsen in the center,
toward the sides, or toward one side depending on the predom nant transport direction.

An extensive rockweed zone here includes nussel beds and a distinct barnacle zone. The extensive Fucus area appears
to be characteristic of Raspberry Strait. A whale of unknown species was observed here. A pair of eagles were
nesting in a grassy knoll on a rock point.

Located on an exposed rocky headland on Raspberry Island, this station is a small pocket beach. There are a whole
ser ies of pocket beaches and small exposed headLands here. W ran a profile straight down one of the exposed

headl ands. It is an alnost vertical drop to the pocket beach. This station has a snmall, irregular pocket heath
with a well-devel oped, pure gravel sur face sitting on a mtrix of sand and gravel, nostly fine and nedi um
wel I -rounded, (of a very diverse rock type) greenstone schists, a lot of intrusive, and a lot of graywacke. The
bedrock in the background is green schist.

The sequence of zonation is very well-devel oped and distinct. Mussel zones were well-devel oped, but at the base of
this cliff, the gravel has scoured away the mussels.

Located on the outer northern side of Kupreanof _Strait. This is a classic, wave-cut platformw th a boul der/cobhl ~
terrace on top of it. It appears to have very high wave energy. Behind the beach is a rock scarp with barnacles on
it but not nuch else. In front of it is a gently sloping, wave-cut platform, and down to the waterline on top Of

the platformis a fairly uniformlayer of coarse gravel, cobbles, and boul ders. There are a Lot of Mytilus between
the larger boul ders.

There are scattered, |arge populations of Mytilus and rockweed. Distinct Mytilus and Balanus zones Wwere observed.
Laminarians are not abundant here due to high wave energy and the rather Large-grain cobbles and gravels which ace
very abrasive during high wave energy peri ods.

This station is located on Kupreanof peninsula on a wave-cut ptatform with a heavy veneer of sedinent. The back
portion of the profile is about a 6-m high scarp into slates, shales, and graywackes. At the base of the scarp is a
nicely devel oped, sand and gravel heath conposed wmostly of fine gravel and granules W th some nedium gravel. There
are sone large boul ders about one meter across fallen fromthe scarp. 1in places, the bedrock outcrops. The gravel
beach occupies the top two-thirds of the profile. Bedrock begins to outcrop nore abundantly at the lower portion
of the profile, and there is a nicely devel oped, wave-cut pl at?orm with a boulder/cobble terrace on top of it.

A subtidal laminarian zone is present. This exposed rocky IpI atformis diverse. There are at least 20 animal/plant
taxa that could be easily distinguished, especially in the lower and nmiddle intertidal zones which are dom nated by
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Fucus, Halosaccion, Rhodymenia, and ared noss-like alga. Chthamalus, Balanus cariosus, Littorina, and Mytilus
edulis are also abundant.

Located in viekoda Bay, thisstation is near a couple of cabins and a tombolo that extends into the bay. It is a
broad, 400-750-m w de pocket beach predomi nantly gravel and granules. A well-devel oped storm berm of spruce logs is
present in front of a fairly uniform steep sloping, pure gravel beach which extends to the waterline.

This area has low biomass and diversity. A green filamentous al gae zone is found on the rocks in the |ower
intertidal area.

Located at uganik Passage. M xed sand and gravel beach in a low to npderate-wave energy area, characterized by a
gently sloping profile. The beach is flanked on both sides by exposed, bedrock headl ands. There is quite a bit of
log debris deposited on the stormberm  The ampunt of gravel increases towards the |ow tide terrace.

It has |ow biomass and diversity. Beach wrack and terrestrial vegetation are domi nant, and nothing was found in the
infaunal sanples.

Located on the southern portion of Terror Bay, this station is in a very | ow wave energy area, characterized by a

poorly sor ted, angul ar gravel beach and small delta conplex fornmed froma couple of small streamns. _The rock
headl ands are sheltered and are very low, the scarp portion is only about 3 mhigh and drops vertically into the
wat er . There is zoned vegetation but it is not as abundant as that found in nore exposed areas. Thi s pocket beach

is characterized by very coarse, extremely angul ar boul ders and cobbl es, which becones fine in the center of the
pocket beach. The larger ones have a coating of barnacles and fucus. The central portion of the pocket beach near
the outflow of the snall streans has nore nobile gravel.

Two primary zones were observed - tockweed and barnacle.

This station is located in Viekoda Bay and is a bedrock platformwith some bedrock boul ders scattered on the
surface. The back portion of the profile starts on a vertical rock wall and cuts into a phyllite zone. The rock
wal | has a barnacle comunity on its surface, with nmussels in the smaller sutures. At the base of the rock wall is
a six meter section of |arge subangular to subround boul ders. Seaward of the boulders is a small, phyllite
gravel /sand  beach. The bottom hal f of the profile is strictly on bedrock. The phyllite is flat and nakes a large
number of small, shallow tide pools. The bedrock is populated by a noderately dense biological comunity of various
alqae. The base of the platform drops fairly steeply into the water and continues offshore as bedrock. This area
is usually subjected to fairly high wave energy whenthe W nds cone out of the west.

Thi s is an exposed, wave-cut platform with a lush covering of biota at the intertidal zone. Balanus glandula,
Fucus, Mytilus, and Littorinasitkana are the most abundant with Chthamalus, Balanus cariosus, and Gigartina also
present. The subtidal area has laminarians including Alaria and several Pisaster sp. starfish.

Located on the southwestern side of Uganik Island, this station is at a very poorly sorted, boul der/cobble and
gravel beach. It is on a bedrock platform but it has a fairly thick veneer of sediment. The bedrock outcrops over
certain portions of the beach, not a great percentage though. Most of it is covered with fairly large boulders and
a lot ©of gravel that is on a foundation of sand. There is a very rich bivalve community in the sand underneath the

boulders. The |lower portion of the beach face is covered with a thick algal community and then nussel and barnacle
communi ties up higher.

thas a very rich Fucus-Mytilus-Balanuszone onawide platform with a laminarian zone at the base ofteplatform

This station is 1located on Afognak |Island facing Uganik Passage. It is a mxed sand and gravel beach with four
primary sorting zones. The upper zone is a fairly clean sand and gravel storm beach with some logs and floatsam.
There =~ are some large boulders at the top of the berm thrown Up by severe storns. Just beneath that is a very sharp

contact with a perched peat deposit with sone kind of pine rooting init. At the base ofthe peat zone s a Vvery
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dense Littorina popul ation. The peat intersects a clean boul der/cobble terrace. Some boulders are over a neter
across, but nmost of them average about 30 cm or so, subround to subangular and very clean. There is a sharp contact
where the boul der/cobble terrace nmeets the |ower boulr3er/cobble terrace with a very heavy coating of barnacles and
algae. There are a lot of nussels in between the nmjor boul ders, and some sandy sedinent and small tidal pools.
Then there is a change in slope and a nore rapid drop to the waterline.

There is heavy colonization of plants and animals, primarily Fucus and Balanus glandula. Also present are |inpets,
littorines, starfish, and red, green, and brown al gae.

Located in the Northeast Arm adjacent to a gravel pocket beach, this station is on the rock headland to the east.
This rock is alnost vertical and has a beautifully devel oped biol ogi cal zonation - a typical barnacle zone at the
top. The beach face and the pocket beach are sand and gravel, predomi nantly fine graywacke gravel at the base to
al nost pure gravel at the storm berm The stormbermis vegetated and has nmany | ogs.

No organisms were observed on the nixed sand-gravel beach, but the organisms associated wth the platform are
extensive, including Balanus glandula, Fucus, and nunerous tide-pool organisms.

This station is on the inner porton of the Northeast Armjust next to Sally Island. It is locater) ona very small
circular, shaley, slatey island next to Sally Island. The profile is very sinple; it has a steegly di pping 70
slate scarp behind it. At the base of the scarp is a beach face which is lying at about a 15~ angle. It is a
bedrock platformcovered with a |ayer of slate boul ders about 30-40 cm across (the bedrock can be seen alnost
everywhere beneath them) . This is a | ow wave energy, rocky shoreline.

This station is heavily colonized by Fucus. There are a number of other algae with the Fucus bed. Balanus
glandula, B. cariosus, Littorina, Mytilus, and other rocky shore organisns are also present. Underrock ~ Tfauna

consi st of anphi pods, nemertean wWorns, holothurians, and hermit crabs.

Located on a spit in the East Arm this station has a very steep, gravel and sand beach with a nunber of zones. A
very well-devel oped storm bermis vegetated with a nunber of spruce |logs at the top. The upper beach face is sand
and gravel with a series Oof neap berms, and has some Sand and granule stringers on it which extend about halfway to
the beach face. The lower portion of the waterline is a gradually coarsening, lowtide beach/cobble terrace,
uni formly coarsening from fine gravel at the top to boulders at the waterline. anunber of barnacles have been
renoved [remthe rock surface, indicative of stormactivity.

Balanus glandula, which had heen heavily abraded by stornms, was the dominant epifauna observed. Scattered Fucus was
al so present.

This station ris |ocated on a semiprotected, gravel beach (very typical of these inner bay portions) in South Am
There are rock scarps interspersed With small rock headl ands that proiect out into the water. In nbst cases, the
rock scarps are behind the beach face and have steep, poorly sorted, narrow gravel beaches. Fronting the back
portion of this profile is a rock scarp about 10 m high, variably vegetated; waves very rarely hit it. There are
barnacles on most Of the boulders With a very high Eloatsom swash just 3-4 m in front of the scarp. The  uppe r
spring beach face consists of mixed fine-to coarse gravel, angular, platey graywacke. |t gets gradually coarser
toward the waterline. In general, there is medium very platey, subanqular gravel on the surface at the top half ot
the beach. A lot of the larger pieces of gravel and cobbles have Fucus attached (individual pieces of Fucus rather

than big, thick clumps).

This is a lowbiomass, lowdiversity beach. Balanus glandula and scattered Fucusarethe dominant speciesotthe
intertidal zone. Infauna observed were three Speci e8cimf 40 pylvartes and a nemertean species.

Located on the southern shore of Campbell Lagoon, this station has a high and | ow marsh perched on some kind of
peat . In front of the marsh is a broad, sand and nud tidal flat filling in this |agoon. It is a very broad 1agoon,
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extrenely shallow, the whole thing is exposed at low tide. It has high and low marsh vegetation at two bands about
six meters W de each and a | ow peat scarp down to the sandy tidal flat.

Fucus, Ulva, and Littorina are present in this rocky shore comunity in front of a marsh habitat. Thi s is a
spawning site for pink salmon which enter the area by freshwater streans.

This station is on an exposed, rock headl and near Cape Ugat, facing the open Shelikof strait. This is an exposed
shoreline: obviously, the waves get extrenely |arge. This particular rock ‘type 1looks 1ike @ <cross between a
graywacke and a slate; fairly massive, it has beautifully devel oped biological zones on it. It has a very narrow
beach with a few scattered boulders on a wave-cut platform

There are two, nmjor intertidal zones. The upper zone consists of Balanus glandula, Endocladia, Porphyra, and
Fucus. The | ower zone is conprised of Balanus cariosus and Mytilus. There is also a subtidal zone conposed nainly
of Alaria just offshore.

Located south of Cape Kuliuk. The upper beach face area is conposed of nixed sand and gravel with over 80 percent
coarse-grained sand, grading into a nore pure, coarse-grained sand beach near the waterline. The back of the
profile has a |l arge scarp grading into a till and outwash plain.

This shore is heavily covered by Porphyra. There are several good indications of nobile substrate. One is that the
rocks are covered with barnacle plates, and the other is the presence of Porphyra. Polychaetes and pysids Were
found in digs scraped above the waterline. There are indications of razor clans below the |lowtide waterline.

This station is located in a sheltered area of Spiridon Bay. The back of the profile (supratidal area) is a bedrock
scarp. The base of the scarp has a |large accunul ation of very angular shale fragments and boul ders. The profile
then extends over a narrow bedrock, wave cut platform

A sheltered, rocky shore with an upper intertidal zone of Balanus glandula, Fucus, Littorina, Porphyra, and a red
alga (species unknown). The lower intertidal zone is co predomnantly of Mytilus edilus, Balanus cariosus,
Halosaccion, Odonthalia, Rhodomela, and encrusting coralline al gae.

This station is located in a sheltered area of Spiridon Bay. The profile is on a gravel pocket beach perched on a
bedrock platform The back of the profile displays a vegetated berm  Mving seaward across the m ddl e 'beach face,
the sediments are predoninantly mixed sand and gravel. This mixed sand and gravel beach thins out onto a bedrock
platform The platformis angled in such a way that many tidal pools are forned.

A bedrock platform covered wth Fucus and Balanus glandula. Many of these are renpved by high wave activity and
scouring. Mytilus, Littorina, and Rhodynenia are also present in high densities. Fucus is attached to the nore
stable substrates. There are interspersed mobile gravel beaches that have a large nunber of Balanus glandula.

Mixed sand and gravel beach in Spiridon Bay. Profile begins at exposed, rocky headl and (conposed of slate and
phyllite), and extends seaward over a nmedium to0 coarse-grained sand and gravel beach. The gravels associated Wwith
this station are angular and black - orginally from the headland. Also associated with this station is a small
fraction of shell material, probably from broken barnacles on the rock scarp and the adjacent headl and. Toward the
water Line the gravels beconme-nore discoid,

This is an exposed rocky outcrop w i t & Fucus zone dominated by Balanus glandula and other anireals, including
Mytilus, Acmaea, and Littorina. Aiso in this area are Halosaccion and mny other algae,

Located in Uvak Bay, the profile begins at a glacial till scarp. At the base of the scarp is a perched beach of
sand and gravel. The middl e beach face are is predomi nantly medium to coarse gravel , some sand. The lower heach
face is covered with boulders. Cccasionally, bedrock extends through the beach.
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There are a few attached al gae, scars where Balanus glandula have been scraped off, Fucus, and some MUssels grow ng
on the outer parts of the rocks.

This station is on the sheltered side of zachar Island. The exposed bedrock scarp is nmade of slatey shale. This is

an extrenely |ow wave energy environnent. The profile begins at the base of an overhung bedrock scarp; in fact, the
last high-tide swash line is about 1 mup the scarp. Large, fallen boulders and blocks are at the base of the
scarp. The profile runs irregularly to the waterline. The boulders and rocks are angul ar.

This is a sheltered rocky shore with relatively |ow biomass. There are large nunbers of Balanus glandula and
Littorina. The few attached plants are prinarily Fucus.

Amoc Bay. The back of the profile has a | ow vegetated scarp, prinmarily mixed sand and gravel. A stream enters the
beach and deposits some coarse, angular sedinent. The substrate is primarily coarse-grained sand throughout the
profile. There is a fine granular, washover deposit whichis covered by a dense nussel bed. The bed has
stabilized nmuch of the beach sedinent. The snmal |l area of beach seaward of the nussel bed is coarse, angul ar  sand
and gravel .

Appr oxi mat el y 200 to 300 burrows per square neter were observed on the surface. The substrate has a scattered
coverage of a brown, nobss-like algae. Eelgrass is found in shallow tidal pools. The fauna sanples collected here
had dinmensions of 30 x 30 x 15 cm A very large number of what are probably polychaetes were col |l ected for
counting. The whole top of this tidal flat is nothing but wormcasting, surficial pellets.

Tidal flat environnent with fine sedi ments overlying a gravel basenent . The basenent sedi nents were probably
deposited as a result of glacial outwash or deita front. The flat extends approxi mately one kiloneter to the first
drainage channel. The surface is scattered with several |arge boulders. The sedinments are marked with burrows and
worm casting. Fucus is present on nany of the boul ders.

This profile, | ocated at the head of UyakBay, is @ pure gravel beach with several berns. There appears to be A
gener al grading of sediments toward the waterline, becoming finer.

Located at west end of Harvester |Island, a bedrock scarp is at the back of the profile. Perched directly below the
scarp is a well-sorted gravel beach which thins seaward and finally disappears at the wave-cut, bedrock platform
The platformis angled so that a great nunber of tidal pools are present.

This is a pure gravel beach made of slate and shale. The upper beach face is conposed of discoid-shaped gqravel.
There is a large berm of discoid gravel with an enornmous quantity of |ogs and seaweed at its base. Movi ng seawar d
across the beach face, the sedinent beconmes finer toward the wateriine. Two nmeters seaward of the waterline is a

white zone of small shell fragnents. The beach profile is gently concave up.

Not vi sited.

This is a sheltered tidal environment | ocated behind two programing gravel spits, The flat was formed upon a
storm-generated, flood-tidal delta and is conposed of imbricated gravel. The area is biologically rich with larqge,

dense mussel beds. O entering the area would remain for an extrenely long tinme; biological damage probably would
be severe.

A large Mytilus bed of at least an acre is present in the tidal area. Along the water's edge are large patches of

Mytilus and Balanus car iosus. Encrustingcoralline algae can be seen in the small tidal pools that remain at low
tide., Many Iimpets are found ln this area.

This station is located in Hal ibut Bay. The upper beach face is backed by a glacial till scarp. At the base of the
scarp i s a large deposit of |logs and seaweed, and a huge wack deposit. Sediments in this area are coarse-qrL3ined
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sand. In the middle beach face are several small berms; sedinents grade to a medium-grained sand. At the lowtide
terrace, which is very well-devel oped, the sand is nedi um grained. There are very |large groundwater rills.

A tremendous quantity of beach wrack conposed of different kel p species is present on the beach face. Only
polychaetes were found in the infauna sanpl es. At the upper beach area behind the bermwere holes indicating the
presence of anphi pods and flying insects were observed over the beach w ack. Shore birds were al so seen.

Sout h Bunbl e Bay. There is a 60-m sheer, bedrock scarp backing this profile. At the base of the scarp is a small,

m xed sand and gravel deposit. A small wave-cut platform extends seaward. This is a high wave energy environment.

An extrenely hi gh productivity area, the rocks break down into three major zones: (1) a Fucus zone at the high-tide
line, (2 an Alaria zone, and (3) a Balanus zone. Vegetation cover is 80-100 percent at the Fucus zone, and /0-100
percent at The alaria ZOne. VoSt other  mmjof al gae Species occur : Spongomorpha, Gigartina, Endocladia,
Enteromorpha, Halosaccion, Porphyra, Ulva, Rhodymenia, Alaria, Laminaria, and coralline algae. Three species of sea
anenones (Anthopleura, Epiactis, and Tealia) are present along With Littorina, Mytilus, and Katharina (a chiton),
and | inpets. Three barnacle species are present: Balanus glandula, B. cariosus, and Chthamalus dalli. Large

patches of Halichondria, a yellow colonial sponge, were present at the Tower intertidal zone.

This is beach fronting an outwash till scarp. At the base of the scarp lies a large wack deposit of logs and
seaweed. The beach face is convex and is conposed of nixed sand and gravel with the gravel fraction beconing nore
dominant toward the waterline. The lowtide terrace is primarily gravel.

This is a low energy area biologically - vegetation is sparse, conprised of Gigartina and a few patches of Fucus.
Margaritas nucella,Littorina, and limpets are present. This area WOUl d  have ~extremely |ow productivity. Abundant
banacle spat are on the rocks with M. nucella feeding on them Rhodymenia, Constantinea, Leptasterias, Mopalia,
Epi actis (a sea anenpne), Tonicella, Henricia, and |inpets are also present,

Low Cape area. This is a very broad, boulder/ cobble terrace on a wave-cut platform fronting an outwash scarp.
Boul ders scattered over the profile are quite large (50-100 cm) , and mixed sand and gravel are in the mddl e beach

face area.

Barnacles and Littorina are predominant on this wave-cut platform 1t appears to be extremely low biologically. A
racoon was observed feeding on the rocks.

Located near Cape Alitak. This profile is a perfect exanple of a pure gravel beach. The profile begins at the
termnus of a super stormberm and extends upward over a well-sorted, discoid gravel, storm berm The storm berm
is littered with logs and other debris. The profile then takes an enornous drop in elevation (an estimated
37-degree dip) and continues seaward. This is an extremely high energy environment, and woul d probably be rapidly
cl eaned by wave action.

Biological activity and productivity is consi dered very low on this gravel beach. On the hack side of the gravel
beach is a protected nmarsh area and tidal flat with a secagrass bed. A salnon stream and a | arge mussel bed are atso
present.

Located near Point Providence, this station iS5 a wave-cut platform with vertical rock Scarpson either side.

Three zones occur : (1) vittorina and linpets, (2) Ulva-barnacles, and (3) an Alaria zonc vith mny of the other
doninant species of algae.

Located near David Island, this profile displays a well-devel oped spring berm which is composed of coarse gravel and
cobbles. Larqe cobbles characterize the middle beach [ace area and thin out at the bedrock platform on the lower
beach face.
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Three zones are present. A Balanus-lLittorina zone consists OE B. cariosus and Littorina sitkana. The next zone has
Enteromorpha, Balanus, and Chthamalus W th Fucus and Rhodymenia. The { hird zon€® 1s ALarid Wih al most 1(30 percent

pure plant coverage. Some Lami nari a, Halosaccion, Rhodymeni a, and ot her red and brown algae are also present.

This is a small beach associated W th a <classic tombolo and is a high wave energy area wth coarse sand and
bioclastic carbonate. Large linear ripples are present on the back side of the berm probably formed from overwash.
Sanples taken appeared to be polychaetes, some mysid crustaceans, and anphi pods.

This site is a broad, wave-cut platform The bedrock is angled upward about 60 degrees, resulting in the formation
of  many tidal pools. The profile begins at the base of a 20-m sheer scarp. At the base of the scarp is a smll,
poorly devel oped sand and gravel beach. This deposit thins out over the platform Sever al smal | boul ders  and
cobbles are scattered on the platform near the waterline.

The biological community includes zones of Balanus-Littorina, Endocladia, and Alaria. A red algae zone occurs al ong
the water’ s edge conposed of a Rhodymenia community. There is a waterfall causing a greater anount of green algae
grow h.

Located in Wde Bay. The environnent is an exposed, sand and gravel tidal flat. The profile runs from a smaltl
neadow into |low marsh. At the edge of the marsh, a narrow gravel beach has devel oped. From this beach, the profile
extends over a silty sand tidal flat, a small tidal creek, and ends near the center of a mixed nud and sand fl at.
The surface of the flat is intensely burrowed.

Bi ol ogi cal activity is noderately  high with heavy concentrations of Mcoma balthica. The profile runs through a
high marsh grass zone, then down onto a high gravel beach. Tome of the smaller runoff pools contain a green
filamentous al gae. The lower intertidal zone is a fine-grained sand beach mixed with coarse, anguar gravel where
numerous Macoma are found.

North of Wde Bay. This site is a broad, mixed sand and gravel beach. The profile begins on a set of vegetated,
wel | -devel oped beach ridges. At tbe base of the vegetated foredune scarp lies a large accumul ation of spruce logs,
wack , and so forth. The upper beach face is conposed of mixed sand and gravel which gradually grades into almost

pure sand at the waterline. Scattered, fine- and pea-gravel stringers are present at the low title terrace.

High oONn the beach, biological activity is fairly low.

south of Hartman | sl and. A large scarp is present with a perched, sand beach at its base. There are SONME large
cobbles, and the beach thins out over the bedrock platform

Kanatak Lagoon. This is a sheltered tidal flat. The profile begins at a low granite scarp. The granite is
fractured in such a way that |large plates of granite have accunulated at the base of the scarp. The profile
continues into the flat with sedinents beconming fine toward the center. The sedinents at the end of the profile arc
a mxture of fine-grained sand and nud.

Sheltered, boulder beach wthin a fjord-like bay backed by a steep, tree-covered till slope. Boulders are
wel | -rounded and range up to one neter in dianeter. Grain-size distribution fines seaward. The intertidal zone
has abundant attached biota, and wave energy is fairly | ow

Two were zones were observed. Tbe upper to mid intertidal zones were domi nated by Balanus and Littering. Some
green filamentous alga was present. The |ower intertidal zone was doninated by rucus and Mytilus. Also  present

were Littorina, Balanus, Odonthalia, Idotea, and Notoacmea.

So1
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Geographic Bay - Sheltered, sandy tidal flat. Steep, erosional scarp with gravel base. Fringed by a' wde tidal
flat conposed of nedium to coarse-grained sand. \Wel|-devel oped, green and brown filamentous al gal, nmat on surface.
Common, snall boulders with attached biota. Molluscs and infauna are common.

This sheltered tidal flat is highly productive. Several sanples contained the clam species, Mya and Siliqua. Also
present were nematodes and Abarenicola. On the rocks in the flat were Balanus and Littorina.

Interior Kinak Bay — Mxed sand and gravel beach at the mouth of a smal del t a. Beach conposed of very angular,
coarse-grained sand and gravel; sedi nent coarsens seaward.

No infauna were observed. On the larger rocks at the water's edge, _Balanus, Littorina, and green filamentous algac
occurred in low densities. A seal was observed nearby, and sal non were seen spawni ng upstream fromthe beach.

Located in Aunchack Bay. This shoreline is a w de, steep beach conposed of nixed coarse-grained sand and fine
conposed of fine- to mediumrippled sand. The beach is backed by a one-nmeter vegetated scarp in glacial till and a
| og swash |ine.

No infauna or epifauna were observed. On fish (species unknown) was found stranded on the flat. Qulls were seen
using the area.

Exposed tidal flat backed by a vegetated sl ope. Sl ope is conposed of fine-grained sand and is probably relict
dune. Wde (20-30 m) storm swash at base of slope conposed of |ogs and cobbl es. It is fronted by a w nd-deflation

flat and tidal flat conposed of’ well-sorted, fine-grained sand with scattered, fine gravel on the surface. The
tidal flat is covered with small, flat-topped ripples.

Infaunal sanpl es showed two different polychaete species and one nenmtode species. Jellyfish were seen at the
water’s edge, and gl aucous-w nged gulls were observed feeding nearby.

Jute Bay - Exposed, rocky headland with a poorly devel oped, boul der beach at base. Steep cliff in eroding bedrock
wi th narrow zone of angular to rounded boul ders; exposed to high wave energy. Abundant attached epiflora in
intertidal zone.

Kanatak in Portale Bay. Cuspate, fine-grained sand beach. Fringi ng, vegetated, cobble slope termnates in a steep

erosi onal scarp. Log storm swash at base. Seaward is a deflation terrace conposed of Very poorly sorted, flat
gravel shingle, fronted by a second storm swash |ine. Pebbl e terrace seaward with numerous |ow berns or ridqges.
Fringing beach conposed of a surface layer (20 cm Of Eine-grained sand on nixed sand and gravel; very flat beach
profile seaward of cusps.

Beach wrack of algae was at the last high-tide swash line. Insects were observed on the decomposing al gae. No
infauna were found in the sieved sanples at the water’'s edge.

Four kilometers [2.5 mi) west of Cape Igvak, Exposed, nixed sand and gravel beach adjacent to a wde cobble
terrace. arpart of a small spit.
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* = Rapid
+ = Detailed = Graphic nean grain size (Folk, 1974)
¢ = =1logs (mm) = Inclusive standard deviation (Folk, 1974)
STATI ON MAP LATI TUDE LONG TUDE GROUND SEDI MENT Bl OLOGE CAL
NUVBER NUMBER (Nort h) (Vest) SURVEYS | NFORMATI ON SAMPLES
SkF- 1 1 58°38' 45" 152°33" 6" + M = 0.35¢ v
zZ
of = 0.25¢
I
SKF~ 2 1 58°34' 18"  152°31's4" ¥ M = 0.304
0; = 0.38¢
SKF- 3 1 58°34' 15"  152°39'39" *
SKF- 4 4 58°28' 13"  152°35'30" ¥
SKF- 5 3 58°25' 45"  152°%6'12" *
SKF- 6 3 58°22' 6“  152%ag'18" + M = 0.59¢
z
o] = 0.42¢
SKF~ 7 3 58°20' 10" 152°51' 00" *
SKF- 8 3 58°17 42" 152°59' 12" 10 /
SKF- 9 2 58°16' 30" 153° 4' 36" v
SKF- 10 7 58° 9’ 44" 153°52' 00" + v
SKF-11 6 58°11' 57" 153°00' 20" *
SKF-12 6 58°10’ 37" 153°12' 47" +
SKF-13 6 58° 6' 38" 153° 9’ 30" * v
SKF~14 6 58° 5'58" 153°11' 22" & v
SKF-15 6 58° 2'42" 153°18' 20" *
SKF-16 10 57°59' 12" 153°18" 9° + v
SKF-17 9 57°55' 48" 153°20' 35" *
SKF-18 10 57°52' 21" 153°14' 55" +
SKF- 19 15 57°43' 42" 153°12' 43" *
SKF-20 10 57°54' 35" 153° 9’ 40" + Y
SKF-21 9 57°53' 51" 153°29' 18" *
SKF- 22 9 57°49' 18" 153°23" 8° + v
SKF-23 9 57°46' 00" 153°26’ 6“ * v
SKF- 24 14 57°42' 57" 153°21' 40" + M = 0.40¢
‘f = 0.40¢
SKF-25 14 57°%44'51"  153°30°00” '
SKF-26 14 57°41' 23" 153°32'15" + Vv
SKF-27 9 57°51' 35" 153°39'13" *
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+ ; gi)la?l ed = Gaphic nmean grain size (Folk, 1974)
¢~ -logy (nmm) = Inclusive standard deviation (Folk, 1974)
STATI ON NMAP LATI TUDE LONG TUDE GROUND  SEDIMENT Bl OLOd CAL
NUMBER  NUMBER (North) (West) SURVEYS | NFORVATI ON SAMPLES
SKF-28 8 58°52' 00" 153°50" 27" T Y
SKY-29 8 58°47' 22" 153°55’ 50” *
SKF- 30 13 57°41' 45" 154°49" 3° + Y
SKF-31 14 57°35 27" 154°37" 36" *
SKF-32 13 57°38’ 33" 154°42' 45" +
SKF-33 13 57°35’ 35" 153°49' 15" * v
SKF-34 13 57°34’ 17" 153°49' 45" +
SKF-35 18 57°28'50"  153°48'49" "
SKF-36 19 57°17' 43" 153°39'29" + v
SKF-37 12 57°38' 26" 154°17' 18" * v
SKF-38 12 57°39" 7*  154° 20 7° + /
SKF-39 13 57°32" 5° 153°57" 0" : v/
skrF-40 NOT VI SITED
SKF-41 11 57%32'15"  154°31' 14 g
SKF-42 16 57°25'15"  154°42' 38" ¥ M, = 1.51¢
(= 1.07¢
SKY- 43 16 57°16' 7¢  154°40’' 20" ‘
SKF-44 20 57° 6'27" 154°31' 12" *
SKF-45 21 56°59'45" 154°30' 45 * v
SKF-46 22 56°51' 9  154°18 4° + v
SKF-47 23 56°59'22" 156°33' 12" * v
SKF-48 23 57° 300" 156° 30" 39" 1
SKF~49 23 57° 7'39” 156°24’ 45"
SKF- 50 23 57°12'36" 156°23" 6° M, = 0.16%
.| = 0.31¢
SKF-51 24 57°17'15" 156°31" 15" M = 2.65¢
0; = 0.76¢
SKF-52 24 57°24'38" 156°20" 41" M = 0.52¢ v
0, = 0.57¢
SKF-53 25 57%22712"  156°17' 53 + M, = 1.079
(| = 0.52¢
SKF-54 26 57°31'22" 156° 5' 22" +
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* = Rapid

+ = Detailed = Graphic nmean grain size (Folk, 1974)

¢ = -logs (MM = Inclusive standard deviation (Folk, 1974)
STATI ON VAP LATI TUDE LONG TUDE  GROUND  SEDI MENT Bl OLOG CAL
NUMBER ~ NUMBER (Nort h) (West) SURVEYS | NFORVATI ON SAMPLES
SS-5 ¢ 34 58°10’ 57" 154°16' 12" + v

ss- 8 30 57°51' 22" 155° 8' 55" + 4
$5-9 28 57°44’ 50" 155°27" 50" + ¥

SS-6 33 58° 619" 154°31' 54" + v

P- 4 36 58°17" 9° 154° 16’ 45" *

P- 6 33 58° 932" 154°26' 12" *

P- 7 32 58°00' 27" 154°57" 12" *

P- 8 28 57°48' 10" 155°19' 42" *

P- 9 28 57°33'22"  155%°37'570 *

P-lo 27 57°33' 22" 155°49' 17" *

P-n 25 57°26' 20" 156°06’ 15” *

ZNL-1 6 58°06’ 33" 153°05’ 02" +
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APPENDI X 111

SPECI ES LI ST

Common names and code nunbers of the critical species
referred to in the text and the nmap series (revised from

Gundlach et al., 1980 and MDEM, 1979).



Shel | fi sh Beds
Crabbi ng Area
d anm ng Areas
Shri npi ng Areas

Oyster Farm

SHELLFI SH
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

25

Ccean Pink Shrinp
Nort hern Pink Shrinp
Si destripe Shrinp
Spot Shri nmp

Dock Shrinmp

Hunpy Shrinp
Coonstripe Shrinp
Br oken- back Shrinp
Box Crab

Dungeness Crab
Red Rock Crab
Puget Sound Ki ng Crab
Kel p Crab

Pismo C am

Bl ue Mussel

Cal i fornia Missel
Butter O am
Common Cockl e
Horse O am

Gaper O am

Soft Shell C am
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SHELLFI SH

Pandalus borealis

Pandalus borealis

Pandalopsis dispar

Pandalus goniurus

Pandalus danae

Heptacarpus Sp.

Calappa flammea

Cancer magister

Pachygrapsus Crassi pes

Paralithodes sp

Pugettia products

Tivela stultorum

Mytilus edulis

Mytilus californianus

Saxi donus giganteus

Laevi cardi um laevigatum

Tresus capax

Tresus capax

Mya arenaria




26
27
28
29

30

32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47

48

Japanese Little Neck

Piddock

Razor

Native Little Neck

d am

‘oct opus

Nor t hern Abal one

Geoduck

Paci fic Pink Scallop

Sea Scal |l op

Rock

Scal | op

H nds’ Scal |l op

Paci fic Coast Squid

Pacific Oyster

King Crab

Tanner Crab

Bay Scall op
Quahogs

Ameri can Oyster

Hor seshoe Crab

Lobst er

Channel ed Whel k

Knobbed Whel k

Sur f

Cl am

Vener upi s | aponi ca

Penitella penita

Siligua patula

Protothaca staminea

Cctopus dofleini

Haliotis kant schat kana

Panopea generosa

Chlamys hastata

Pecten sp.

Hinnites multirugosus

Chlamys hi ndsi

Loligo opal escent

Ostrea lurida

Paralithodes sp

Chi onoecetes sp.

Aequi pecten irradi ans

Mercenaria nercenari a

Crassostrea virginica

Limulus polyphemus

Honar us aneri canus

BusyCon canaliculatum

Busycon carica

Spisula polynyma
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10
11
12
13
14
15
16

Nor t her n

(Steller) Sea Lion

Har bor Seal

“North Pacific Fur Seal

Killer Wale

Paci fi c Blackfish

Paci fic Harbor
Sea Oter
River Oter
Beluga Wal e
Manat ee

Fin Wal e

M nke Whal e
Hunpback Whal e
G ay Seal

Bear ded Seal
Wl rus

Por poi se

MAMVALS

Eunet opi as jubatus

Phoca vitulina

Callorhinus ursinus

Orcinus orca

Peponocephala electra

Phocoena phocoena

Enhydra lutris

Lutra canadensi s

Del phi napt erus leucas

Tri chechus manat us

Balaenoptera physalus

Bal aenopt era acutorostrata

Megaptera novaeangliae

Halichoerus grypus

Eri gnat hus bar bat us

Cdobenus rosnar us
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Anerican Crocodile
Atlantic Geen Turtle
Anerican Al l'i gator
Atlantic Ridley

Atl antic
Leat her back Turtl e

Atl antic
Logger head Turtle

D anondback Terrapin

REPTI LES

Crocodylus acut us

Chelonia mydas

Al ligator mississippliensis

Lepi dochel ys kenpi

Dermochelys cori acea

Caretta caretta

Malaclemys terrapin

11y
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FI SHES

A Several Species of Sal non

B Forage Fish



1 sablefish
(Blackcod)

2 Lingcod

3" ‘Pacific sanddab

4 Arrowt oot h FlI ounder
5 Petrale Sole
6 Rex Sol e

7 Pacific Halibut

8 Butter Sole
9 Rock Sole
10 Dover Sole

11 English Sole
12 Starry Fl ounder
13 GO Sol e

14 curlfin Sole
15 Sand Sol e

16 Flathead Sole
17 Sl ender Sol e
18 Plainfin M dshi pman
19 Pacific Cod

20 Pacific Hake

21 Pacific Tomcod
22 Wil leye Pollock
23 Wl f-Eel
24 Pacific

Ccean Perch

25 silvergray Rockfish
( Short - Spi ne)

FI SHES

Anoplopoma finbria

Ophiodon elongatus

Citharichthys sordi dus

Atheresthes stom as

Eopsetta | ordan

Glyptocephalus zachirus

H ppoglossus stenolepis

Isopsetta isolepis

Lepi dopsetta bilineata

Microstomus pacificus

Par ophrys wvetulus

Platichthys stellatus

Pleuronichthys coenosus

Pleuronichthys decurrens

Psetti cht hys melanostictus

H ppoglossoides elassodon

Lyopsetta exilis

Pori cht hys notatus

Gadus macrocephalus

Merluccius productus

Microgadus pProxi mus

Theragra chalcogramma

Anarrhi cht hys ocellatus

Sebastes alutus

Sebastes brevi spinis
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26 Copper Rockfish

27 Puget Sound Rockfish

28 Yellowail Rockfish

29 Bl ack Rockfish

30 Bocaccio

31 Yelloweye Rockfi sh

32 Canary Rockfish
(Orange)

33 Chilipepper

34 Redbanded Rockfi sh
(Fl ag)

35 Rougheye Rockfi sh

36 Splitnose Rockfish

37 Geenstriped
Rockfi sh

38 Brown Rockfish

39 Redstripe Rockfish

40 Big Skate

41 Longnose Skate

42 Ratfish

43 Wiite Sturgeon

44 G een Sturgeon

45 Cutthroat Trout
(Coastal)

46 Kelp Greenling

47 Rock Greenling

48 Wi tespotted
Greenling

49 Buffalo Sculpin
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Sebast es cauri nus

Sebast es enphaeus

Sebastes flavidus

Sebastes melanops

Sebast es pauci spini s

Sebastes ruberrinus

Sebast es pi nni ger

Sebast es goodei

Sebast es babcocki

Sebastes al euti anus

Sebastes diploproa

Sebastes elongatus

Sebast es auriculatus

Sebastes proriger

Raj a binoculata

Raja rhina

Hydrolagus colliei

ACi penser transmontanus

Aci penser medirostris

Salmo clarkii

Hexagr anmbs decagrammus

Hexagr anmmbs lagocephalus

Hexagranmbs stelleri

Enophrys bi son




50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

Red Irish Lord

Paci fic Staghorn
Sculpin

Tidepool Sculpin
Cabezon

Redtail Surfperch
Kel p Perch

Shi ner Perch

Stri ped Seaperch
Wal | eye Seaperch
Pile Perch

Whi t e Seaperch
Penpoi nt Qunnel
Saddl eback Gunnel
Crescent Qunne
Quillback Rockfi sh
Anerican Shad

Paci fic Herring
Nort hern Anchovy

Chi nook Sal npon
(King)

Coho Sal nmon
(Silver)

Pi nk Sal non
(Humpy)

Cockeye Sal non
( Red)

Chum Sal npon
(Dog)

Masu Sal non
(Cherry)

Hem | epi dotus hemilepidotus

Lept ocott us ar mat us

Oligocottus maculosus

Scor paeni cht hys mar nor at us

Anphi sti chus rhodoterus

Brachyi stius frenatus

Cynat ogaster aggregata

Embiotoca lateralis

Hyper pr osopon argent eum

Rhacochilus vacca

Phaner odon f urcat us

Apodi cht hys flavidus

Pholis ornata

Pholis laeta

Sebastes maliger

Alosa sapi di ssinm

Clupea harengus pallasii

Engraulis nordax

Oncor hynchus tshawt scha

Oncorhynchus ki sutch

Oncorhynchus gorbuscha

Oncorhynchus nerka

oncorhynchus ket a

Oncorhynchus sp




74 Rai nbow Trout
( St eel head)

75 Surf Snelt

76 Longfin Trout
( St eel head)

77'.Eulachon

78 Capelin

79 White Seabass

80 Pacific Sand Lance
81 Spiny Dogfish

82 Cutthroat Trout

83 salmon Fi shery
(commerical)

84 Rai nbow Snel t

85 Al ewi f e

86 Blueback Herring
87 Anerican Shad

88 Wnter Flounder
89 cCunner

90 Wiite Hake

91 Thr eespi ne
Sti ckl ebacks

92 Four spi ne
Stickl ebacks

93 Striped Killifish
94 Atl antic Silverside
95 Mummichog

96 Sanddab

97 Taut og

124

Salmo gairdneri

Hyponesus pretiosus

Salmo gairdneri

Thahei cht hys pacifi cus

Mallotus villosus

Cynoscion nobilis

Anmmodyt es hexapt er us

Squalus acant hi as

Salmo clarki

Csner us nordax

Alosa pseudohar engus

Alosa aestivalis

Alosa sapi di ssi nn

Pseudopleuronectes aneri canus

Tautogolabrus adspersus

Urophycis tenui s

Gast erost eus aculeatus

Apeltes guadracus

Fundulus not at us

Meni di a neni di a

Fundulus heteroclitus

Ci tharichthys sp.

Tautoga onitis
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98 Aneri can Eel Anguilla rostrata

99 Atlantic Tomcod M cr ogadus tomcod

100 Sea Run Brown Trout Salmo trutta




m o O @ >

Bl RDS

Nuner ous Speci es of Birds
Shor ebi rds

Wat er f owl

D| ving Birds

Wadi ng Birds
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Bl RDS

1 Common Loon Gavia i nmmer
2Arctic Loon Gavi a arctica
3 Red-throated Loon Gavi a stellata
4 Red-necked Grebe Podi ceps gri segena
5 Horned G ebe Podiceps auritus
6 Eared G ebe podi ceps caspi cus
7 Western G ebe Aechmophorus occidental s
8 Doubl e-crested

Cor nor ant Phalacrocorax auritus
9 Brandt's Cornorant Phalacrocorax penicillatus
10 Pel agi ¢ Cor nor ant Phalacrocorax pelagicus
11 Wistling Swan Olor columbianus
12 Western Canada Goose Branta canadensi s
13 Black Brandt Branta nigricans
14 Wiite-fronted Coose Anser albifrons
15 Snow Coose Chen hyperborea
16 Mallard Anas platyrhynchos
17 Pintail Anas acuta
18 Green-wi nged Teal Anas carolinensis
19 Rock Pigeon Columba livia
20 Northern Shovel er Spatul a clypeata
21 Canvasbacks Avthya valisineria
22 Geater Scaup Aythya marila
23 Lesser Scaup Ayt hya affinis
24 (ol deneye Bucephala clangula

25 Barrow s Gol deneye Bucephala islandica




26
27
28
29

30°

31
32
33
34
35
36
37
38
39
40
41
42
43

44

45
46
47
48
49
50

51

Bufflehead
ad Squaw
Har | equi n Duck

Wit e-wi nged Scoter

‘Surf Scoter
Common Scoter

Ccommon Mer ganser

Red- br east ed Mer ganser

Aneri can Coot

Parasitic Jaeger

G aucous-w nged Gul |

Western Cul |
Herring Qul
California Gl
Ring-billed Gull
Mew Cul
Bonaparte’s Qul
Heer mann’ s Qul |

Thayer’s
(Herring) Qull

Common Tern
Common Murre

Pi geon il | enot
Mar bl ed Murrelet
Cassin’s Auklet
Rhi noceros Auklet

Tufted Puffin

Bucephala albeola

Clangula hyemalis

Hi strionics hi strionics

Melanitta deglandi

Melanitta perspicillata

QO dem a nigra

Mergus nErganser

Mergus serrator

Fulica aneri cana

Stercorarius parasiticus

Larus glaucescens

Larus occidentals

Larus argentatus

Larus californicus

Larus del awarensi s

Larus canus

Larus Phil adel phi a

Larus heer manni

Larus argentatus thayeri

St erna hirundo

Uris aalge

Cepphus columba

Br achyr anphus marmoratum

Pt ychor anphus aleutica

Cer cr hi nca nonocer at a

Lunda cirrhata
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52 Wl son’s Phalarope
53 Northern Phalarope
54 Geat Blue Heron

55 Whimbrel

56 - Spotted Sandpi per

57 Wandering Tattler

58 G eater Yellowlegs
59 Lesser Yellowlegs
60 Red Knot

61 Pectoral Sandpi per
62 Least Sandpi per

63 Dunlin

64 Short-billed Dow tcher
65 Long-billed Dowitcher
66 Western Sandpi per

67 Sanderling

68 Bl ack Oystercatcher
69 Sem -pal mated Pl over
70 Killdeer

71 Bl ack-bellied Plover
72 Surfbird

73 Ruddy Turnstone

74 Bl ack Turnstone

75 Belted Kingfisher

76 Northern Bald Eagle
77 Csprey

78 Northwestern Crow

Steganopus tricol or

Lobi pes lobatus

Ardea herodi as

Nuneni us phaeopus

Actitis macularia

Heteroscelus i ncanum

Tot anus melanoleucus

Totanus flavipes

Calidris canut us

Erolia melanotos

Erolia minutilla

Erolia alpina

Li modr onus gri seus

Li modr onus scolopaceus

Er eunet es nauri

Crocethia alba

Haemat opus bachnani

Charadrius sem pal nat us

Char adri us vocirerus

Squatarola sgquatarola

Aphri za virgata

Arenaria interpres

Arenari a melanocephala

Megaceryle alcyon

Hal i aeet us leucocephalus

Pandi on haliaetus

Corvus caurinus
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79 Cor mor ant

80 Arctic Tern

81 Horned Puffin
82 daucous @ull
83 - Kittiwake

84 Par akeet Aukl et
85 Pi geon Aukl et
86 Least Tern

87 Little Blue Heron
88 Geat Egret

89 Snowy Egret

90 Bl ack-cr owned
Ni ght Heron

91 G ossy Ibis

92 Great Black-
j acked aul |

93 Cattle Egret

94 Loui siana Heron
95 Roseate Tern

96 Leach’s Petrel
97 Geen Heron

98 Laughing Qull

99 Red-faced Cornorant

100 Bl ack-1egged Kittiwake

101 Aleutian Tern

102 Fork-tail ed
Storm Petrel

103 Common Ei der

Phalacrocorax Sp

St erna paradi saea

Fratercula corniculata

Larus hyperboreus

Ri ssa sp.

Cyclorrhynchus psittacula

Cepphus columba

Sterna albifrons

Fl ori da caerulea

Casner odi us albus

Leucophoyx thula

Nycti corax nycti corax

Plegadis falcinellus

Larus nmrinus

Bubulcus i bi s

Hydr anassa tri col or

St erna dougallii

Cceanodr oma leucorhoa

Butorides vi rescens

Larus atricilla

Phalacrocorax urile

Rissa tridactyla

Sterna aleutica

Cceanodroma furcata

Sonmateria mollissima
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105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

Murre
Thick-billed Mirre
Anci ent Murrelet

Peregri ne Fal con

Kittlitz's Murrel et

Crested Aukl et
Doveki e

Least auklet

Bl ack @Quil | enot
Gyrfal con

Sabi ne’ s Gull
Wiite |bis
Roseat e Spoonbill
G eat Wiite Heron
Brown Pelican
Frigate Bird

Yel | ow cr owned
Ni ght Heron

Anhi nga

Scarlet |Ibis

Southem Bald Eagle

131

Uis .

Uris lomvia

Synt hli boranphus antigquum

Falco peregrinus

Brachyramphus brevi rostre

Aethia cristatella

Plautus alle

Aethia pusilla

Cepphus grylle

Falco rusticolus

Xema sabinii

Fudocimus albus

Ajaia ajaja

Ardea occi dental s

Pelecanus occidental s

Fregata magnificens

Nyct anassa violacea

Anhinga anhinga

Eudocimus ruber

Haliaeetus leucocephalus
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APPENDI X |V

Envi ronnental Sensitivity Maps
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